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LAS VEGAS WASH ADVANCED WATER QUALITY STUDY
STUDY INTRODUCTION
The purpose of the Las Vegas Wash Advanced Water Quality Study is to deter-
mine the existence, extent, and mechanisms of nutrient and toxin stripping
in Las Vegas Wash under present conditions and under future conditions, both
with and without construction of the proposed salinity control unit as
described by the Bureau of Reclamation (USBR, 1982b). This study was per-
formed for the Lower Colorado Region Division of Planning by personnel of the
Environmental Sciences Section of the Division of Research and Laboratory
Services, E&R Center, Denver, Colorado. Work on the study began in February
1983.
The general approach adopted for this study consisted of three parts:
1. Four regular field samplings (in February, June, July, and August
1983) and one storm event sampling (in March 1983) to assess present water
quality conditions in the wash. Additional water samples were collected
in September to identify changes, if any, in water quality following a
major storm event.
2. A thorough review of all available data from previous studies of
Las Vegas Wash to assess water quality changes and trends over the past
10 to 15 years.
3. A review of the technical literature on wetlands as water treatment
systems to provide insight into the possible physical, chemical, and
biological mechanisms operating in the marsh and to serve as a theoretical
basis for extrapolating various future conditions.
Thirteen water quality sampling stations were established in and around
Las Vegas Wash for the assessment of present conditons. They included the
same stations used in the WQSS (Water Quality Standards Study) performed
by Brown and Caldwell \J in 1979-81 (stas. 1 through 5). Three of these
stations are located at US6S (U.S. Geological Survey) stream gaging stations
(stas. 1, 3, and 5), and two of them (stas. 1 and 5) are also USGS water
qua!ity monitoring stations.
17 The information contained in this report regarding commercial products
or firms may not be used for advertising or promotional purposes and is not
to be construed as an endorsement of any product or firm by the Bureau of
Reclamation.
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Five stations are located on various "tributaries" of Las Vegas Wash and
represent a range of water quality inputs to the wash and, in some cases,
to the proposed bypass channel. These stations are located as follows:
1. MRF (Monson Road Floodway)
2. TAF (Tropicana Avenue Floodway)
3. DC (Duck Creek)
4. AD (Alpha Ditch)
5. GWD (the ground-water drain which crosses Pabco Road just south
of the wash)
Finally, three additional stations (stas. 2A, 2B, and 3A) were established
as the study progressed in an effort to better define changes between
channelized and marsh sections of the wash. Figure 1 shows the location of
all 13 stations. A description of each station and a schedule of dates on
which each was sampled are given in table 1.
This report is divided into two separate sections, dealing with toxics and
nutrients, respectively. Field measurements and sampling for both aspects
of this study were carried out as a single operation on the dates listed in
table 1; however, data analyses and interpretation were performed separately.
The final section of this report draws together and summarizes the main
conclusions of both aspects of the Las Vegas Wash Advanced Water Quality
Study.
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Table 1. - Station description and sampling schedule
Dates sampled (1983)
Station Station description F e b . M a r c h I / J u n e J u l y A u g . S e p t .
23-24 2-7 1-2 11-12 10-11 6
1 Located just below confluence of city X X X X X X
and county secondary sewage treatment
plant effluents; approximately 14 km
above Las Vegas Bay (Wl)*
2 A Located near e n d o f dredged section o f X X X
effluent channel; approximately 0.8 km
below station 1
2B Located just within upper edge o f X X
cattail marsh; approximately 2.1 km
below station 1
2 Located i n t h e marsh approximately X X X X
3.3 km below station 1 (W2)*
3 Located in marsh on downstream side of X X X X X
culverts under Pabco Road; approxi-
mately 4.0 km below station 1 (W3)*
3 A Located a t point where Southern Nevada X X X
Water System's Las Vegas Valley Lateral
crosses Las Vegas Wash; end of cattail
marsh; approximately 4.9 km below
station 1
4 Located i n deeply eroded channel o f X X X '
lower wash; approximately 7.7 km
below station 1 (W4)*
5 Located in deeply eroded channel under X X X X X
Northshore Road bridge; approximately
12.4 km below station 1 and 1.6 km
above Las Vegas Bay (W5)*
MRF Monson Road Floodway a t culverts just X X X X X
south of Clark County Sanitation
District Sewage Treatment Plant
* Station designation in: Morris and Paulson (1983), Morris and Paulson (1982), and
Morris (1983). These were also the "routine stations" in Brown and Caldwell (1982).
/ Storm event; samples were collected several different times throughout this period,
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Table 1. - Station description and sampling schedule - Continued
Dates sampled (1983)
Station Station description F e b . M a r c h I / J u n e J u l y A u g . S e p t .
23-24 2-7 ~ 1-2 11-12 10-11 6
TAP Tropicana Avenue Floodway at X X X
Broadbent Way
DC Duck Creek at the Boulder Highway
A D Alpha Ditch a t t h e downstream e n d o f X X X X
box culvert under Boulder Highway
GWD Ground-water drainage ditch a t down- X X X X
stream end of culvert under Pabco
Road; approximately 250 m south
of station 3
_!_/ Storm event; samples were collected several different times throughout this period.
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Figure 1. - Area map of Las Vegas W a s h .
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TOXICS
Introduction
Data concerning the degree and extent of toxic pollutants in Las Vegas
Wash, and ultimately entering Lake Mead, are limited or unavailable at this
time. However, Brown and Caldwell (1982) have analyzed or compiled some
previous data on organic and inorganic toxic substances. The Southern Nevada
Water System and the USGS continue to monitor a wide range of pollutants,
primarily at Northshore Road in the lower wash. Brown and Caldwell (1982)
stated that, of 28 pollutants measured, there were violations of USEPA (U.S.
Environmental Protection Agency) or State of Nevada criteria for human health
for 10 pollutants and for fish and wildlife for 12 pollutants. However,
USEPA criteria for the priority pollutants for the protection of human health
are usually less than the limits of detection with conven-
tional analytical techniques.
In 1978, "hazardous substances" were defined on the basis of toxicity to
aquatic life (USEPA, 1978). A "hazardous waste" list was compiled in 1980
(USEPA, 1980a), and the availability of criteria documents for 64 of the
65 priority pollutants or pollutant categories were announced (USEPA, 1980b).
These criteria replaced those previously published for those same pollutants
(USEPA, 1976).
The criteria were derived using revised methodologies for determining pollut-
ant concentrations that will reasonably protect human health and aquatic
life. Nearly all of the pollutants that are on the priority pollutant list
are also found on either the hazardous substances or hazardous waste list
(Sittig, 1981). In addition, the State of Nevada has adopted criteria for
some of the priority pollutants and established allowable limits for a number
of miscellaneous pesticides and herbicides (Anonymous, 1980).
The purpose in obtaining data on known toxic pollutants was to identify those
elements or compounds in violation of Federal or State standards, identify
the pollutants that are a threat to the aquatic biota, identify sources or
general areas of contamination, and to quantify the effects of the marsh on
water quality in Las Vegas Wash and on water eventually entering Lake Mead.
In addition, the fate of toxins in Las Vegas Wash under future conditions,
both with and without construction of the proposed salinity control unit,
(USBR, 1982b), will be discussed.
Methods and Materials
Water samples for identification of organic toxicants were collected in
acetone-washed, duplicate 1- or 3.8-L brown bottles from each of the sampling
sites. These bottles were iced and kept in the dark for return to the
laboratory. The samples were extracted and analyzed according to USEPA
Method 625 (USEPA, 1982).
Water samples for analyses of metal content were collected in 200-mL poly-
ethylene bottles and preserved with 1 mL of HN03. These samples were
analyzed by spectrophotometric methods (USGS, 1977).
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Water samples for analysis of cyanide content were collected in 1-L poly-
ethylene bottles and preserved with the addit ion of NaOH pellets to mainta in
the water sample at a pH of 12 or greater.
Samples collected for the iden t i f i ca t ion of toxic substances are summarized
in the fo l l owing table.
Table la. - Types and numbers of water samples taken
throughout the study for the i den t i f i c a t i on
of toxic substances.
Station Date Organics Cyanide Metals
1 through 5,
MRF, TAP, DC,
AD, GWD
1, 1, 5, 5,
MRF, MRF,
TAF, TAF,
DC, DC
1 through 5,
3A, MRF,
AD, GWD
1 through 5,
2A, 3A, MRF,
AD, GWD
2/23-24/83
3/2- 3/83
6/1- 2/83
7/11-12/83
1, 2A, 2B, 2, 21 8/10-11/83
3, MRF, TAF, ~
AD, GWD, DC
X I/
17 Filtered (0.45 y m f i l ter ) and unfiltered samples were collected
at all stations.
2J Sediment core samples of approximately 30 by 100 mm were
collected from stat ions 2 and 3 for analyses of organic compounds
and metals .
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RESULTS AND DISCUSSION
Tables T-1 through T-5 present the results of the analyses for toxic organic
compounds in the water and sediment from Las Vegas Wash and various inflows,
and tables T-6 through T-10 present the results of the analyses for metals.
Table T-ll presents the results of the cyanide analyses.
There were approximately 100 organic compounds per sample detected; however,
identifications were made on primarily persistent organic compounds present
in concentrations of 1.0 vg/L (p/b) or greater. Analyses were also performed
for the volatile organic compound chlorobenzene. Priority pollutant organic
compounds were identified from the list shown in appendix A. Exceptions to
this were that only priority pollutant organic compounds in excess of
10.0 ug/L could be identified from samples collected during the "storm
event" in March because of the small sample size, and only compounds in
concentrations greater than lOOug/L could be identified from the sediment
samples due to interference by organic debris.
Analyses of samples for metals were based on a complete scan of 22 elements
(app. B). Analyses were routinely done on 13 metals which included most of
those found on the priority pollutant list. These analyses included metals
detected in concentrations exceeding approximately 1 percent of levels shown
to be toxic to freshwater aquatic organisms (McKee and Wolf, 1963), those
considered common in nature and, thus, in aquatic systems (Wood, 1975),
and those previously found in violation of State or Federal water quality
standards for the protection of fish and wildlife as cited by Brown and
Caldwell (1982).
Mills et al. (1982) summarized available proposed criteria designated to
protect aquatic life for all toxic substances (table T-12), as well as
processes influencing the fate of organic pollutants in water (table T-13).
Pollutant Removal Mechanisms in Wetlands
Wetland vegetation is often subjected to extremes in environmental conditions,
such as flood and drought, fire, temperature extremes, aerobic or anaerobic
soil conditions, or the presence of toxic substances.
Among all constituents of concern that are present in wastewaters and sludges,
the effects of toxic organic chemicals are the least known, particularly the
impact of persistent organic compounds. Most of the attention has been
focused on the fate and effect of heavy metals (Majeti and Clark, 1980).
They recommended that wastewater containing relatively high concentrations of
hazardous contaminants not be used in food production because of the paucity
of data available on the uptake of organic chemicals by vegetation.
The marsh area of Las Vegas Wash is dominated by cattails, bulrushes,
sedges, and reeds which grow in saturated soils and standing water (Brown
and Caldwell, 1982). According to data compiled by Chan et al. (1982), all
of these plants have the capacity to filter, cause precipitation or adsorp-
tion, or uptake toxic compounds or elements present in water and soil,
and can increase the capacity of a system to retain or remove pollutants.
Chan et al. (1982) also stated that, although most species of wetland vegeta-
tion are able to absorb some compounds from the water through shoots and
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Table T-l. - Organic pollutant concentrations in Las Vegas Wash
and inflows (February 1983).
Organic compound Station
GWD AD MRF DC TAP
Esters
Diethyl phthalate 1/1.9 ND ND ND ND ND NO ND ND ND
Dibutyl phthalate 9.7 <1.0 <1.0 <1.0 <1.0 ND ND ND ND <1.0
Dioctyl phthalate '1.4 21.0 25.0 ND 1.9 ND ND ND ND ND
Halogenated
Dichlorobenzene ND ND ND ND ND 1.8 ND ND ND ND
Hexachlorocyclohexane ND ND ND <1.0 ND 18.0 23.0 ND ND ND
(BHC, Lindane)
Pentachloroethane ND ND ND ND ND 3.6 4.4 ND ND 18.7
Hexachloroethane ND ND ND ND ND ND ND ND ND 107
\l Concentrations expressed in
ND - Not detectable.
2-4
Table T-2. - Organic pollutant concentrations in Las Vegas Wash
and inflows during a storm event (March 1983)
Station
1
1
MRF
MRF
TAP
TAP
DC
DC
5
5
Date
3/2/83
3/3/83
3/2/83
3/3/83
3/2/83
3/3/83
3/2/83
3/3/83
3/3/83
Time
1645
0623
1705
0700
1725
0732
1705
0804
0857
2150
Organic
compound
Dibutyl phthalate
Dibutyl phthalate
Pentachloroethane
Hexachloroethane
Hexachloroethane
Concentration
ng/L
ND
40.1
ND
<10.0
ND
ND
ND
<10.0
21.1
<10.0
ND
ND - Not detectable.
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Table T-3. - Organic pol lu tant concentrations in Las Vegas Wash
and inf lows (June 1983)
Organic
compound
Esters
Dibutyl phthalate 11
Dioctyl phthalate
Halogenated
Dichlorobenzene
Hexachloroethane
1 2
NO NO
NO 5.0
NO NO
ND NO
Station
3 3A 4 5
<1.0 <1.0 1.1 ND
ND ND ND ND
NO ND ND ND
ND ND ND ND
GWD AD MRF
1.1 ND ND
ND ND ND
<1.0 ND ND
3.2 ND ND
I/ Concentrations expressed in
ND - Not detectable.
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Table T-4. - Organic pollutant concentrations in Las Vegas Wash
and inflows (July 1983)
Organic
compound 1 2A
Esters
Dibutyl phthalate 11 ND 3.8
Dioctyl phthalate 6.5 4.7
Halogenated
Chlorophenol ND ND
Hexachlorobenzene ND ND
Station
2 3 3 A 4 5
ND 2.2 <1.0 ND ND
<1.0 ND 1.6 ND ND
ND ND ND ND ND
ND ND ND ND ND
GWD AD MRF
ND ND 2.4
ND ND ND
<1.0 ND ND
2.4 ND ND
I/ Concentrations expressed in
ND - Not detectable.
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Table T-5. - Organic pollutant concentrations in Las Vegas Wash
and inflows (August 1983)
Organic compound Station
1 2A 2B 2 3 GWD AD
Esters
Dioctyl phthalate I/ 7.9 ND ND ND <1.0 ND ND
Halogenated
Dichl orobenzene ND ND ND <1.0 ND ND ND
MRF DC TAP
3.2 6.5 <1.0
ND ND ND
JL/ Concentration expressed in
ND - Not detectable.
Note: Sediment samples from stations 2 and 3 were collected and analyzed for the
presence of priority pollutants. None of the priority pollutants were detected at the
0.1 Mg/g (100 p/b) level.
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Table T-6. - Metal concentrations in Las Vegas Wash and inflows (February 1983)
Station Ag Al As Be Cd Cr Cu Fe Hg Mn Ni Pb Zn
1
2
3
4
5
MRF
TAF
DC
GWD
AD
0.82
0.93
0.41
0.42
0.61
0.31
NO
0.63
0.92
0.40
130
ND
NO
412
326
ND
608
3300
ND
ND
3.1
3.7
6.4
8.5
4.7
.36
60
24
47
74
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
6.3
179
ND
6.1
14.7
ND
5.2
11.5
2.9
ND
5.8
87.6
ND
22.5
3.1
1.7
ND
87.0
184
52.0
452
199
14.0
684
3130
32.0
27.0
0.40
0.70
0.80
0.60
1.00
1.30
1.00
0.90
0.70
0.70
19.0
30.0
104
250
29.0
ND
827
538
1970
20.0
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
26.3
ND
ND
ND
ND
ND
13.0
9.0
6.0
10.0
126
ND
57.0
24.0
ND
13.0
Detection 0.01 50.0 0.1 10.0 0.01 5.0 0.5 10.0 0.01 5.0 30.0 0.1 5.0
limits
ND - Not detectable.
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Table T-7. - Metal concentrations in Las Vegas Wash and inflows
during a storm event (March 1983)
Station Ag Al As Be Cd Cr Cu Fe Hg Mn Ni Pb Zn
1
15
5
MRF
MRF
TAP
TAP
DC
DC
0.14
0.06
0.16
0.44
0.02
0.06
0.04
0.16
0.16
0.06
3370
3060
26 500
ND
710
200
2650
610
1840
1940
5.9
5.1
158
160
12.5
23.5
15.8
17.3
25.0
21.7
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.24
0.22
0.87
1.16
0.88
0.53
0.47
0.44
0.69
0.59
5.4
5.0
28.9
18.1
15.6
9.2
8.8
5.5
8.8
6.9
10.8
9.9
40.0
12.6
12.7
4.2
50.0
6.0
39.2
21.5
1710
1690
27 300
62.0
399
111
1470
284
997
1330
0.22
0.22
0.38
0.11
0.17
0.52
0.14
0.55
0.25
0.38
106
98.0
5700
4600
60.0
ND
105
13.0
91.0
100
6.6
6.2
42
ND
3.1
2.3
6.2
ND
2.2
ND
9.0
10.4
90.5
15.1
19.8
12.0
18.1
9.7
12.5
9.5
39.0
28.0
273
ND
45.0
24.0
96.0
ND
83.0
67.0
Detection 0.01 50.0 0.1 0.01 0.01 0.05 0.5 20.0 0.01 10.0 0.1 0.1 10.0
limits
ND - Not detectable.
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Table T-8. - Metal concentrations in Las Vegas Wash and inflows
(June 1983)
Station
11 1
21 I
2
2
3
3
4
4
5
5
MRF
MRF
AD
AD
GWD
GWD
3A
3A
Ag
0.82
0.98
0.08
NO
0.14
0.31
0.49
0.26
0.90
0.71
1.7
1.3
0.5
0.2
0.5
ND
0.3
ND
Al
506
244
145
141
112
173
606
790
2820
307
119
80.0
316
231
51.0
71.0
41.0
193
As
3.9
4.6
3.5
5.9
11.0
ND
1.3
ND
5.8
1.9
7.7
11.6
4.8
4.8
7.1
5.8
ND
ND
Be
10.1
0.37
6.6
ND
8.5
ND
8.0
ND
7.2
ND
11.3
ND
2.2
ND
2.4
ND
0.8
ND
Cd
0.16
0.41
ND
ND
ND
ND
0.02
0.04
ND
ND
1.23
0.21
ND
ND
1.93
0.48
ND
ND
Cr
9.2
8.4
7.9
50.2
5.1
6.5
16.7
8.1
47.9
6.6
7.7
7.1
120
116
213
15.7
41.3
11.3
Cu
(M9/L)
10.6
7.7
ND
ND
ND
ND
1.6
0.7
6.2
ND
ND
ND
72.3
14.9
2.0
ND
1.9
ND
Fe
80.0
90.0
120
220
130
100
400
70.0
2220
60.0
60.0
60.0
140
60.0
100
60.0
160
110
Hg
ND
ND
0.38
ND
0.13
ND
ND
ND
ND
ND
0.16
ND
ND
ND
ND
ND
ND
ND
Mn
40.0
ND
10.0
40.0
120
130
370
300
600
250
10.0
40.0
50.0
20.0
460
420
290
240
Ni
10.7
11.3
5.7
26.3
13.3
4.8
11.2
3.8
15.0
3.7
49.0
10.8
3.4
3.5
17.6
5.5
7.2
4.4
Pb
1.9
2.6
ND
ND
ND
ND
ND
ND
7.6
ND
13.7
1.6
1.2
0.2
ND
ND
ND
ND
Zn
12.0
32.0
4.0
7.0
ND
ND
ND
ND
22.0
10.0
ND
ND
690
438
ND
ND
ND
ND
Detection 0.01 50.0 0.1 0.01 0.01 0.05 0.5 20.0 0.01 10.0 0.1 0.1 10.0
limits
II The first series of concentrations from each station denotes unfiltered sample.
21 The second series of concentrations from each station denotes filtered (0.45 ^m)
sample.
ND - Not detectable.
Table T-10. - Metal concentrations in Las Vegas Wash and inflows (August 1983)
Station Ag Al As Be Cd Cr Cu Fe Hg Mn Ni Pb Zn
1
2A
2B
2
3
MRF
TAP
DC
AD
GWD
Detection
limits
0.51
0.51
2.53
0.02
0.03
0.01
0.10
0.40
ND
0.02
0.01
ND 7.5
ND 7.4
8730 22.1
ND 12.4
ND 15.2
4190 17.6
11 400 35.3
34 800 37.9
ND 9.4
ND 26.3
50.0 0.1
ND
ND
0.02
ND
ND
ND
0.02
7.71
ND
ND
0.01
0.11
0.06
0.68
0.07
0.02
0.79
1.03
1.45
0.13
0.05
0.01
33.6
30.6
160
15.8
15.6
40.5
46.3
194
160
13.7
0.05
12.0
12.0
63.2
2.4
0.9
33.8
38.2
126
125
2.0
0.5
214 0.27
232 1.19
9000 0.13
250 0.12
590 0.07
6640 0.27
12 400 0.99
20 400 0.60
507 0.55
276 0.63
20.0 0.01
137
149
576
149
317
365
635
1640
187
1900
10.0
8.7
9.0
32.6
15.0
9.3
21.3
36.5
49.7
34.2
19.2
0.1
8.0
ND
14.1
ND
ND
24.0
25.4
16.8
1.3
ND
0.1
ND
15.9
152
ND
ND
206
226
444
69.1
30.4
10.0
ICM
Sediment I/
2 15.9 11 400 21.4 0.8 2.0 250 390 10 200 1.1 255 109 16.8 668
Sediment
3 0.20 4420 23.1 1.1 0.2 31.1 24.4 8880 0.3 463 26.4 9.6 61.3
\j Concentration units for sediment samples are milligrams/kilogram (p/m) based on oven-dried
sediments at 110 °C.
ND - Not detectable.
Table T-ll. - Cyanide concentrations in
Las Vegas Wash and in f lows
(July 1983)
Station Cyanide (mg/L)
1
2A
2
3
3A
4
5
MRF
GWD
AD
0.11
0.27
0.04
0.02
0.05
0.08
0.24
0.01
0.01
<0.01
Detection limit 0.01
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Table T-12. Proposed criteria for toxic substances designated to protect
aquatic life (compiled by Mills, et a!., 1982).
frrH.-ti.rr
COMPOUND
Acenaphthene
Acroletn
AcrjrlonUrile
Alorin/Dieldrin
Antimony
Arsenic
Asbestos
Benzene
Benzidine
Berylliua
Cadmiin
Carbon Tetrachlorlde
Chlordane
Chlorinated benzenes
Chlorc benzene
1.2.4 - Trichlorobenzene
1.2.3.5 - Tetrachlorobeniene
1.2.4,5 - Tetrachlorcbenzene
rentachl orobenzene
Chlorinated Ethanes
1.2 - Dichloroethane
1.1.1 - Trichloroe thane
1.1.2 - Trichloroethane
1.1.1.2 • Tetrachloroethane
1,1.2.2 - Tetrachloroethane
Pen tachloroe thane
Hciachlorotthane
Chlorinated naphthalenes
Chlorinated Phenols
^ - Chlorophenol
2,4.6 - Trichlorcphenol
CMbrtiUy) tttitrs
Chloroform
2 - Chloruphenol
Cr.rc.-.im (He>av«lent)
Cc.;*r
C,{Kide
"\
1.2 - ticl.lcrclti.7rne
1.3 - C,U.UrcU.,.»ne
1.4 - DUM tril,r,c«t
24 Hour
Average
W/l
LD1
21C
2600°
0.0019
1600
«e
LD
LD
LD
S.3C
d
620
0.0043
1500h
210h
170h
97h
16"
3900h
5300h
310h
<20h
170h
«0h
62h
29
45
52
LO
500
60
0.29
5.6
3.5
O.C3323
«
31Ch
'»'•
Haiinun
W9/1
1700b
68b
7S50b
2.5
9000
440b
LD
5300b
2500
130b
e
1400
2.4
3500h
470h
390h
220h
36h
B000h
12000h
7)0h
960h
3BOh
1000h
140h
67
180
150
LO
1200
160
21
i
52
0.41
• S9
703h
<XOh
•Red" Book-
PS/I
0.003
n.-noo
0.4-1.2f
4.0-12.09
0.01
100
J
5.0
.001
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Table T-12. (continued)
COMPOUND
3,3' - Dicnlorobentidin*
Oicnloroethylenes
1.1 * Oichloroethylene
1.2 - OichtoroethyUne
2,4 - DicMorophenol
Oicnloropropines irul
Dtcnlcropropenes
1.1 - OicMoroprop<ne
1.2 - Oichloropropane
1,3 - Otctilo'ropropine •
1.3 - Oichloropropene
2.4 - Otnetnylphenol
Olnitrotoluenes
2.3 - Oinitrotoluene
2.4 - Dinicrotoluene
1,2 - Otphenylhydrazine
EnoosulUn
Endrin
In thy 1 benzene
Fluarinthtiiie
Hi loe triers
4 - brdmophenylphenyl ether
Ha Ionic thanes
Chlorooiethane
B rename ttane ' '
Dictiloromethjne
TriDromoffletfune
Heptdcnlor
HetichlorubuUdfene
Hetdchlorocyclohexdne
Littddllti
Otner i seniors
MexchlurocyclopenUdiene
„ Isophurone
Lead
Hercary (loul)
tlajhtrulene
incul
Niirocenzene
24 Hour
Average
U9/1
LO
0.4
410
920
4800
18
38
12
620
17
0.042
0.0023
LD
250h
£.2
7000
140
4000h
840h
0.0038
LO
O.OBO
• LO
0.39
2100
k
0.2
LD
n
4bO
Freshwater
• •
Hsilraum 'Red Book*
i.g/1 1-9/1
LD
11600
11600
110
930
2100
11000
2SO
86
27
1400
38
0.49 0.
0.18 0.
LD
560h
14
u
16000
320
9000h
1900h
0.52 0
LD
2.0
LO
7.0
4700
1
4.1
LD
0
1100
NON-RECORD COPY
003
004
.001
• m
O.OS
P
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Table T-12. (continued)
COMPOUND
tiurcphenols
2 - NHrophenol
4 . Nitrophenol
2,4 - Oinltrophenol
2.4 - Oinitro-6-»ethyl phenol
2.4. 6 • Trinltrophenol
N-Kitro$odiphenyl»mine
Penuchlorophenol
Phenol
Phthalate esters
Polychlorlnated biphenyls
Polynuclear aromatic hydrocarbons
Seleniun
Silver
2.3.7.8 - Tetrachlorodibenzo-
p-dioxin
Tetrachloroethene
Thallium
_ Toluene
Toiaphene
Trichloroethene
Vinyl chloride
Zinc
2< Hour
Average
W9/1
2700h
240h
79h
S7h
1500h
LO
£.2
600
LO
0.014
LO
35
0.0090
LD
310
LO
2300h
0.013
1500
LD
47
freltwiter
Kiiioum 'Red Book*
V9/1 W9/1
6200h
550h
lBOh
140"
3<00h
LD
14
3400
LD 3.0
2.0b 0.001
LD
260 p
1.9 P
LD
700
LD
5200h
1.6 0.005
3400
LD
0 P
j.
*L9 ocnottt Itct of d«u.
s£:ult toi Ic i ly level.
'Chronic tone* i/ lt««l.
CTI» »ilu« in .5/1 thould not ««M »D [l.OS )n (Mron.il) .(.<}} xwrt ruronm tt fipreitt< in n)/l » CICOj.
'•he ><lul in t«/l thouK not tictrt <IP [l.CS In (hironiil) .}.?]] Mwrt urenelt il ctprmtd In »o/l It UCOj
f O.< "9 - 1>2 ng/l for cl*oKcr«ns «nc Mlvonid fisnct
S I .O ng -',2.0 »9/l for OUxr. Itll irnlttKI JCuiltC ltd.
Siluci ecrme uiin? proc«ur« otMr tiuii ,tnt {uiullnn.
Sht v«)ut in u«/l Jl»yl« not MCM4 e»s. [O.M In <hirgn«il -J.2JIJ ,»l>ert Mreneis « iiprcsiM In »9/l «1 ClCS
Jfor fr»n.4ttr ind urtnt Multic l i f t . 0.1 tlM> » M »r LCjg l> «ttmin*4 tnroujn noucritrd bioilly <ning t
iCulttC rttternt IMCtn.
'tin wlut in n/1 ihouU not owed tip (2-55 >" l»»'Wtii( •••*»J «*»t» Mnw» ti <iprtn«l in 119/1 » CiCOj.
'TM .tlvt In M/1 «*oul« not MCM4 »p [l.a >n (Mrttmi) •«.") >*«'« ntreoeif It tiprtttod In •»/! it t»COj.
*3.CI :*;xt ine t* *e»r LC.. •«!«, uti«» tnt nccivtng or cowinolt «*ter it tnt diluent ir* ulublt lod nitunntnu
luitn; in 0.<i mcron I l l U r ] for lensmvi frein-ittr rttiecn: ictcin.
"tnt Mine in vi»/1 MovU not e«eet« HP I0.« 1" (MrMtt)>l.M] »«trt lunncts II uprtittd In »j/l II UCSj.
°Th« v«ly« in uj/1 Uiogld not ciceM !•» [0.7( In (Mromll-4.C2] Miert uranclt It <lprts>M in >«/1 II ClCOj.
"for ririnc ine/or fretn xtir laultlc lift. 0.01 of tnt H hour tCyj II «ler»in«) tnrouon «lo<IMy ullng I imitin
rettecnt specitt.
c:nt Miat in 1,5/1 jnoald not tietto tip I»-35 '" (Wrtrtu) • :.»5] «<itr« Mronrtl il ciprtlttd in i^/l n tlCOj.
Tut t r f . t r <t in :"!» Iiolt <rt fro* tne lollc>inj tourctl:
• -ftC luf ID.S.Crt ItH)
t Fcenl arquttr on tneit outt:
mrcn :i. UJ« - J«ly n. l»r» - Oetcstr 1. 1IH . w>r-!»r Jt. IMC
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Table T-13. Relative importance of processes influencing aquatic fate of
organic pollutants (compiled by Mills et al., 1982).
Compound Process
PESTICIDES
Acrolein
Aldrin
Chlordane
ODD
DDE
DDT
Dieldrin
Endosulfan and Endosulfan Sulfate
Endrin and Endrin Aldehyde
Heptachlor
Heptachlor Epoxide
Hexachlorocyclohexane (a»B>6 isomers)
-Hexachlorocyclohexane (Lindane)
Isophorone
TCDD
Toxaphene
PCBs and RELATED COMPOUNDS
Polychlorinated Biphenyls
2-Chloronaphthalene
HALOGENATED ALIPHATIC HYDROCARBONS
Chloromethane (methyl chloride)
Dichloromethane (methylene chloride)
Trichloromethane (chloroform)
Tetrachloromethane (carbon tetrachloride)
Chloroethane (ethyl chloride)
1,1-Dichloroethane (ethylidene.chloride)
1,2-Dichloroethane (ethylene dichloride)
1,1,1-Trichloroethane (methyl chloroform)
1,1,2-TriChloroethane
1,1,2,2-Tetrachloroethane
7
7
•f
+
+
+
+
+
+
+
7
7
Key to Symbols:
+ Predominant fate determining process - Not likely to be an important process
+ Could be an important fate process ? Importance of process uncertain or not
known
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Table TV13. (continued)
Compound Process
•f
+
7
7
Hexachloroethane ?
Chloroethene (vinyl chloride) +
1,1-Dichloroethene (vinylidene chloride) ?
1,2-trans-Dichloroethene
Trichloroethene
Tetrachloroethene (perchloroethylene)
1,2-Dichloropropane ?
1,3-Dichloropropene ?
Hexachlorobutadiene
Hexachlorocyclopentadiene
Bromomethane (methyl bromide)
Bromodich1oromethane
Dibromochloromethane
Tribromomethane (bromoform)
Dichlorodifluoromethane
Trichlorofluoromethane
HAL06ENATED ETHERS
Bis(choromethyl) ether
Bis(2-chloroethyl) ether
Bis(2-chloroisopropyl) ether
2-Chloroethyl vinyl ether
4-Chlorophenyl phenyl ether
4-Bromophenyl phenyl ether
Bis(2-chloroethoxy) methane
HONOCYCLIC AROMATICS
Benzene + + _ . - -
Chlorobenzene + + - ? - +
1,2-Dichlorobenzene (£-dichlorobenzene) + + _ ? - +
1,3-Dichlorobenzene (m-dichlorobenzene) + + ? ''? ? • +
1,4-Dichlorobenzene (£-dichlorobenzene) + + - ? - +
1,2,4-Trichlorobenzene + + . 7 _ -f
Hexachlorobenzene + _ . - - -
Key to Symbols:
++ Predominant fate determining process - Not likely to be an important process
+ Could be an important fate process ? Importance of process uncertain or not
known
?
7
7
7
7
7
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Table T-13. (continued)
Compound Process
•H-
?
•f
Ethylbenzene ? + ?
Nitrobenzene +
Toluene +• + ?
2,4-Dinitrotoluene +
2,6-Dinitrotoluene " +
Phenol + +
2-Chlorophenol - . ?
2,4-Dichlorophenol
2,4,6-Trichlorophenol ?
Pentachlorophenol +
2-Nitrophenol - - - ++u ' .
4-Nitrophenol + ++
2,4-Dinitrophenol + - - + + " _ _
2,4-Dimethyl phenol (2,4-xyleriol) - - ? + . _
£-chloro-m-cresol - - ? + + - _
4,6-Dinitro-£-cresol + - . + + 7 7
PHTHALATE ESTERS
Dimethyl phthalate + - + _ . +
Diethyl phthalate + - + _ _ +
Di-n-butyl phthalate + - + _ _ +
Di-n-octyl phthalate + - + - • _ +
Bis(2-ethylhexyl) phthalate + - + _ _ +
Butyl benzyl phthalate + - + _ _ +
POLYCYCLIC AROMATIC HYDROCARBONS
Acenaphthenec + - + + - _
Acenaphthylene + - + + _ _
Fluorenec -r - + + _ _
Naphthalene + - + + . .
Anthracene + + + + - _
Fluoranthene^ + + + + _ .
Phenanthrene + + +' +
Benzo(a)anthracene + + •*• +
Benzo(b)fluoranthene .+ - + * . -
Benzo(k)fluoranthene "+ - + +
Chrysene . + - + + _ .
Key to Symbols:
++ Predominant fate determining process - Not likely to be an important process
+ Could be an important fate process ? Importance of process uncertain or not
known
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Table T-13. (continued)
Compound Process
"ol
?yrenec
Benzo(ghi)perylenec
3enzo(a)pyrene
Dibenzo(a,h)anthracene
Indeno(l,2,3-cd)pyrene
MITROSAMINES AND MISC. COMPOUNDS
Dimethylnitrosamine
Oiphenylnitrosamine
Di-n-propyl nitrosamine
Benzidine
3,3'-Dichlorobenzidine
1,2-Diphenylhydrazine (Hydrazobenzene)
Acrylonitrile
++
Key to Symbols:
-H- Predominate fate determining process - Not likely to be an important process
+ Could be an important fate process ? Importance of process uncertain or not
known
Notes
a Biodegradation is the only process known to transform polychlorinated biphenyls
under environmental conditions, and only the lighter compounds are measurably
biodegraded. There is experimental evidence that the heavier polychlorinated
biphenyls (five chlorine atoms or more per molecule) can be photolyzed by
ultraviolet light, but there are no data to indicate that this process is operative
in the environment.
based on information for 4-nitrophenol
Based on information for PAH's as a group,
compounds exists. " •
Little or no information for these
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leaves, the primary uptake is through the roots at the plant-soil interface.
Translocation of compounds from aboveground to belowground parts with
senescence occurs in some wetland vegetation; however, in some fast-growing
plant species such as grasses, the aboveground parts fall, decompose, and
compounds are released back to the soil and water.
The reduction or degradation of organic compounds in water entering marsh
environments depends on the adsorption characteristics of the compound to
plant material or the biodegradation of the compound by micro-organisms
associated with marsh plants. Many synthetic organic compounds are degraded
by bacteria into simple nontoxic elements or compounds, while others are
transformed into compounds that are also toxic (Kobayashi and Rittman, 1983).
Little information is available on the uptake of organic compounds by sub-
merged plants, but petroleum products are not actively taken up by emergent
plants (Chan et al., 1982). They also cited information that states that
emergent vegetation is able to act as a biological filter, promoting condi-
tions for the breakdown of hydrocarbons which are oxidized by bacteria.
Plant stems and leaves provide bacterial attachment sites and contact/
treatment areas for hydrocarbons. The presence of cattails and bulrushes
has been reported to increase the hydrocarbon-'decomposition rate to as much
as seven times the rate measured in the absence of emergent vegetation.
While reeds, rushes, and grasses have not been studied, a similar bacterial
mechanism may also be operative.
In a study by Lunz (1978) of the uptake of metals and chlorinated hydrocarbon
compounds by marsh plants, he concluded that there was no apparent relation-
ship between total sediment chemical composition and plant-available metal
and chlorinated hydrocarbon compounds. The soil characteristics which occur
in marshes, including near neutral pH, high organic content, and reduced
oxidation-reduction potential, appear to restrict chemical mobility and
bioavailability and favored chlorinated hydrocarbon degradation.
Chan et al. (1982) stated that certain plants accumulate dissolved materials,
including trace contaminants, that are not required for plant growth or
function, and that the accumulation without apparent toxic effect may be due
to a plant's ability to form harmless complexes by the presence of chelating
compounds. Heavy metals are absorbed by aquatic vegetation primarily via the
roots from the sediment; therefore, rooted emergent vegetation, particularly
shallow-rooted species and types with creeping rhizomes near the sediment
surface, is especially susceptible to heavy metal uptake. Chan et al. (1982)
also cited data indicating that Typha 1 atifolia is effective in removing
copper and moderate amounts of manganese and zinc; the reed Phragmites
communis useful in removing significant amounts of copper and iron; and
sedges, the bulrushes, Scirpus cyperinus, effective in absorbing mercury and
Scirpus lucustris in removing significant amounts of zinc.
The uptake of metals by marsh plants is limited and is not a satisfactory
long-term removal mechanism unless pollutant removal from the system could
be done by harvesting the plants. Otherwise, the metals will remain within
the marsh ecosystem and may continually be recycled.
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Based on data compiled by Chan et al. (1982), the most important mechanisms
operating in the marsh which would increase the extent of water purification
are maximum depth for emergent macrophytes, maximum detention time of water,
and broad flow distribution. Kadlec and Tilton (1979) concluded in a litera-
ture review that it is the level of contamination of incoming water coupled
with residence time and contact between wastewater and the wetland ecosystem
substrates that determine the efficiency of pollutant removal. Water budget
information is lacking, but organic soils possess low hydraulic conductiv-
ities, leading to large retention of water in most marshes.
Many substances adsorb to solids under conditions that may be found in wet-
lands, and according to Chan et al. (1982), can be a primary mechanism for
removing pollutants from the water column. They cited data that stated that
most halogenated hydrocarbons and organic pesticides adsorb strongly to
particulate matter, while more soluble compounds are not strongly adsorbed.
Griffin and Shimp (1978) found that heavy metals such as cadmium, mercury,
lead, and zinc were strongly attenuated by even small amounts of clay. The
adsorption of the cations trivalent chromium, copper, lead, cadmium, mercury,
and zinc increased with increasing pH, while the anions hexavalent chromium,
arsenic, and selenium decreased with increasing pH. At pH values greater
than about 5.3, precipitation of the heavy metal cations was found to be an
important attenuation mechanism, while adsorption was the principal mechanism
for the anion and over the entire pH range studied (between approximately
pH 1 and 9). Feick et al. (1972) reported that the mercury-binding capacity
of natural sediments varied widely and increased with the content of organic
matter and reducing conditions. When natural sediments were oxidized, the
mercury-binding capacity was decreased.
McElroy et al. (1976) stated that the largest single nonpoint heavy metal
load into surface waters is that which is carried by sediment, the predomi-
nant heavy metal in surficial material being iron. They also stated that on
a total load basis, the heavy metals emitted through the sediment route are
much greater than the load detected in surface waters. A comparison of heavy
metal loads in natural background indicated that the surface waterload was
approximately 1 percent of the load coming via the sediment route. Most of
the metals which were detected in the streams consisted of iron, manganese,
arsenic, copper, lead, and zinc, whereas that in the sediment was primarily
iron. Thus, the impact of heavy metals on the quality of surface waters is
probably much smaller than the absolute loads of sediment indicate. However,
the differences in solubility and mobility mechanisms of individual metal
components are important for establishing impacts of specific species.
Present Conditions
Many organic compounds and metals have been identified as being present in
Las Vegas Wash or in various inflows. Violations of Federal and/or State
standards for the protection of aquatic life have been identified from this
study for phthalate esters, hexachlorocyclohexane (as Lindane), HCB (hexa-
chlorobenzene, silver, arsenic, cadmium, hexavalent chromium, copper,
mercury, and zinc.
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Organics
Phthalate esters, being highly abiquitous, are used as a plasticizer in
plastic product manufacture. Phthalate ester concentrations are reduced in
aquatic systems primarily by the processes of sorption, biodegradation, and
bioaccumulation (table T-13). Hall et al. (1983) found that microbial
degradation was the dominant process in the degradation of diethyl phthalate
in a laboratory microcosm. Sittig (1981) cited data that suggest that
permissible concentrations in water to protect freshwater aquatic life should
not exceed 940 yg/L on an acute basis or 3 yg/L on a chronic basis for all
phthalate esters.
The marsh may be removing some of the phthalate esters; for example, in the
February sample the total concentrations of phthalate esters were -13.0 yg/L
at station 1 and only approximately 2.4 yg/L at station 5. However, concen-
trations of 25.5 yg/L were identified at station 3, indicating that if
removal were indeed occurring, it would be in the pond area below Pabco Road.
Maximum concentrations of 40.1 yg/L for phthalate esters occurred at sta-
tion 1 during the storm event in March 1983. Concentrations of phthalate
esters are often in violation of criteria for chronic exposure but never
reached levels near maximum permissible concentrations for aquatic life.
According to Sittig (1981), concentrations were much less than those criteria
determined to protect human health for dibutyl (34 000 yg/L) and diethyl
(350 000 yg/L) phthalates. Criteria for dioctyl phthalate specifically has
not yet been determined due to insufficient data.
Hexachlorocyclohexane, as either Lindane or other BHC isomers, was found in
both the GWD and AD in concentrations of 18.0 and 23.0 yg/L, respectively.
USEPA (USEPA, 1980b) criteria for freshwater organisms exposed to hexachloro-
cyclohexane, as Lindane, should not exceed 0.08 yg/L as a 24-hour average and
2.0 yg/L at any time. As a mixture of BHC isomers, acute toxicity has been
shown to occur at concentrations as low as 100 yg/L. Table T-13 indicates
that hexachlorocyclohexane is primarily removed from water systems by
sorption and biodegradation.
Brown and Caldwell (1982) have summarized data from 18 samples collected at
Northshore Road (sta. 5) and found the gamma isomer of BHC (Lindane) to be
in concentrations of 0 to 0.3 yg/L, with a mean of 0.06 ug/L. Hexachloro-
cyclohexane is entering Las Vegas Wash via the ground water (GWD) and, due
to its slow degradation rate, may be passing through to some extent. Hexa-
chlorocyclohexane could be entering the AD with ground-water seepage or
through an unknown source.
HCB (hexachlorobenzene) was found in the GWD in a concentration of 2.4 yg/L.
Sittig (1981) stated that HCB is distributed worldwide, with higher levels of
contamination found in agricultural areas devoted to wheat and related cereal
grains and in industrial areas. USEPA monitoring of human adipose tissues
collected from across the United States indicates that approximately
95 percent of the population has trace HCB residues. While HCB appears to
have little effect on aquatic organisms, a bioaccumulation factor of 15,000
has been demonstrated in catfish.
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Chlorophenol, on one occasion, was detected in the GWD at less than 1.0 yg/L.
According to Sittig (1981), evidence has accumulated that chlorophenols are
formed during the microbiological degradation of pesticides such as Lindane.
The form detected is not a priority pollutant; however, 2-chlorophenol, which
is on the priority pollutant list, has been shown to be acutely toxic to
freshwater aquatic life in concentrations as low as 4380 yg/L (USEPA, 1980b).
The USEPA (USEPA, 1980b) stated that available data for dichlorobenzenes
indicate that acute and chronic toxicity to freshwater organisms occurs at
concentrations as low as 1120 and 763 yg/L, respectively. Dichlorobenzene
was detected in the GWD and at station 3A in concentrations of 1 to 2 yg/L.
Table T-13 indicates that dichlorobenzene would likely be removed from
aquatic systems by volatilization or sorption.
The chlorinated ethane, pentachloroethane, was found in both the GWD and AD.
The toxicity of chlorinated ethanes increases with increasing chlorination.
The EPA (USEPA, 1980b) cites data that show acute and chronic toxicity of
pentachloroethane at concentrations of 7240 and 1100 yg/L, respectively.
Criteria for the protection of freshwater aquatic life are 440 yg/L for a
24-hour average with a maximum allowable of 1000 yg/L. Chlorinated ethanes
are generally subject to removal from water by volati l ization (table T-13).
Hexachloroethane entered the marsh in concentrations of 10.7 yg/L and
21.1 yg/L by way of the TAF and DC, respectively. According to Sittig
(1981), permissible concentrations in water to protect freshwater aquatic
life should be less than 118 000 yg/L based on acute toxicity and 20 000 yg/L
based on chronic toxicity.
In addition, violations of criteria were previously identified by Brown and
Caldwell (1982) for aldrin, dieldrin, DDE, and polychlorinated biphenyls.
Aldrin and dieldrin were detected on occasion in samples from Northshore Road
(sta. 5). The maximum concentration for both, 0.01 yg/L, was less than the
maximum criteria designated by USEPA for aldrin (3.0 yg/L) and dieldrin •
(2.5 yg/L) but greater than the concentration proposed by the State of Nevada
(0.003 yg/L) for the protection of freshwater aquatic life. DDE levels were
within the criteria proposed by USEPA but maximum levels occasionally
exceeded maximum criteria proposed by the State. PCB's (polychlorinated
biphenyls) reached a maximum of 2.7 yg/L on one occasion but were zero or not
detectable at all other times. This single maximum value resulted in an
average value of 0.15 yg/L for PCB's from 18 samples. The USEPA has proposed
a 24-hour average of 0.014 yg/L for freshwater aquatic life with acute
toxicity probably only occurring at concentrations greater than 2.0 yg/L.
The significance of these violations is difficult to determine; however,
none of these compounds were ever detected in the wash or the inflows in
concentrations exceeding 1.0 yg/L, indicating that they are probably not a
severe or chronic problem. According to Neal (1983), the concentrations of
organic compounds at which there is concern almost invariably exceed 1 yg/L.
Kawamura and Kaplan (1983) have analyzed rainwater from Los Angeles for
the presence of organic compounds. They have identified or tentatively
identified approximately half of the 600 peaks obtained on gas chromatograms.
These compounds included aliphatic and aromatic hydrocarbons, phthalates,
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benzaldehydes, phenols, aliphatic and aromatic ketones, mono- and dicarboxylic
acids, amines, azarenes, etc. The most abundant component was an unresolved
mixture of hydrocarbons ranging from 25 to 56 pg/L. Phthalate esters were
found at levels from 3 to 9 ug/L. These data indicate that many organic
compounds are highly ubiquitous.
The only highly volatile or purgeable compound that was analyzed for was
chlorobenzene. It was not detected in any of the samples, although five
of the purgeable compounds have been found in the wash in the past by
the Southern Nevada Water System; these compounds being bromoform,
bromodichloromethane, carbon tetrachloride, chloroform, dibromochloromethane.
These aliphatic hydrocarbon compounds, being highly volatile and having a
volatilization half-life of approximately 30 minutes, will likely not be a
persistent water quality problem in the wash or in Lake Mead. The extreme
turbulence in the lower wash may even increase the rate of volatilization.
Data regarding the uptake of many organic compounds by vegetation are not
well understood; however, Lunz (1978) found that even though the sediment
concentrations of chlorinated hydrocarbons were higher in a marsh containing
dredged material, there was no consistent correlation with marsh plant tissue
concentration in two natural marshes. This suggests the existence of condi-
tions that limited the transfer of chlorinated hydrocarbon compounds from
marsh soils to marsh vascular vegetation. Lunz (1978) also stated that the
persistence of DDT, for example, is apparently decreased under conditions
characteristic of marsh environments. Likewise, with chlordane isomers,
there was no significant transfer to marsh plants. The organic compounds
found throughout this study are not considered herbicides and are not highly
toxic to plants. Even though there may have been some accumulation of
organic compounds in the marsh sediment over the years (table T-5), the
levels are <100 p/b and should not pose a toxicity problem for marsh plants.
The GWD indicates that the ground water entering the Las Vegas Wash contains
the greatest concentrations of the more highly toxic or halogenated organic
compounds such as hexachlorocyclohexane (BHC, Lindane). AD has also been
shown to contain this compound, possibly because of ground-water infil-
tration or an unknown source. Both of these inflows enter the pond area
below Pabco Road and through dilution, adsorption, and biodegradation, the
hexachlorocyclohexane is reduced to a trace amount by station 4. Phthalate
ester concentrations are also usually reduced by station 4. This reduction
may be due to significant irreversible adsorption of phthalate esters to
sediments as demonstrated by Sullivan et al. (1982). Peterson and Freeman
(1982) also cited data which stated that phthalate esters have been shown to
resist biodegradation under anaerobic conditions. This may be the reason
that total phthalate concentrations are not reduced within the marsh,
particularly above Pabco Road.
Awareness of organic compounds has initiated research into other methods of
water disinfection because chlorine can increase the concentrations of some
toxic compounds such as chloroform. Alternative disinfectants include the
use of ozone, ultraviolet radiation, chlorine dioxide, and bromine chloride.
Treatment with ozone did not cause the formation of chlorinated compounds in
the wastewater from the Upper Thompson Sanitation District, Colorado. Water
treated with ozone showed greater concentrations of aldehydes, fatty acids,
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alkanes, and aromatic hydrocarbons; unchanged concentrations of aromatic
hydrocarbons, chlorinated hydrocarbons, alkanes, and fatty acids; and if
contact time and doses were increased, destruction of unsaturated compounds,
xanthines, aldehydes, and alcohols are likely. However, with the increase in
contact time and dose, greater amounts of many compounds would be formed,
including aldehydes, alkanes, acids, and aromatic hydrocarbons. High concen-
trations of chloride ion were not found to cause production of chlorinated
products in ozonated wastewater (Chappell et al., 1981).
Metals
The role of the marsh in removing metals varies because of loading rates,
solubility, and speciation of a particular element. Toxicity of metals to
aquatic organisms also varies greatly because of many biological as well as
water quality parameters. Metals generally do not biodegrade or volatilize;
however, pH and hardness are important in and can cause their removal by
precipitation. In contrast, sediments under low oxidation-reduction or
reducing conditions may result in the release of some metals.
The maximum concentrations of silver were nearly always within criteria
established by USEPA (2.1 yg/L); however, silver concentrations usually
exceeded those proposed by the State of Nevada (0.2 yg/L). The mean concen-
trations of silver at station 1 were 0.61 yg/L with a slight reduction to
0.15 yg/L at station 3 and an increase to 0.52 yg/L station 5. Brown and
Caldwell (1982) cited summary data for 54 samples from Northshore Road
(sta. 5) which had a range for silver of 0 to 40 yg/L with an average of
8 yg/L. Total silver concentrations for unfiltered and filtered samples
indicate that most of the silver is able to pass through a 0.45-ym filter and
may be in a dissolved or ionic form. On one occasion, silver concentrations
slightly exceeded EPA criteria and may indicate the presence of suspended
sediment and some headcutting occurring between stations 2A and 2B.
Concentrations of arsenic, like silver, were always below criteria proposed
by USEPA (440 yg/L), but in violation of State of Nevada limits (50 yg/L).'
Total arsenic concentrations for unfiltered and filtered samples indicated
that most of the arsenic may be in a colloidal or dissolved form. However,
during the storm event, levels of arsenic were elevated at station 5 due to
erosion or suspension of sediment upstream. Arsenic is strongly held by the
clay fraction of most soils (Jeffus, 1979).
Cadmium is usually found in fresh waters of the United States in concentra-
tions of less than 1.0 yg/L (Eaton et al. 1973) and is insoluble in water in
the elemental form (McKee and Wolf, 1963). The levels found in the wash and
inflows were always within criteria established by USEPA (2.0 yg/L) and the
State of Nevada (10.0 yg/L) for maximum levels; however, criteria for average
concentrations established by USEPA (0.017 yg/L) were probably violated. Mean
total cadimium concentrations in the wash and inflows were slightly elevated
during storm events (March and August) with mean concentrations increasing
from 0.2 yg/L to about 0.6 yg/L, probably due to an increase in suspended
sediment concentration.
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If the total chromium concentration was p r i m a r i l y in the hexavalent form,
USEPA (21.0 yg/L) or State of Nevada (100 yg/L) cr i ter ia for maximum
hexavalent chromium concentrations were violated at a l l stations at some time
wi th the highest chromium concentration found in AD (314 yg /L) . However,
according to EPA (USEPA, 1976), the trivalent form is found most common in
nature so it is u n l i k e l y that a major portion of the chromium is in the
hexavalent form. USEPA cri teria for the t r iva len t form is based on hardness,
thus, water with a hardness of 500 mg/L (as CaC03) should not exceed
26 000 yg/L as total recoverable t r iva len t chromium. Mean concentrations of
chromium at station 1 were 18.9 yg/L (un f i l t e r ed samples) wi th mean concen-
trations at station 5 of 67.9 yg/L. Brown and Caldwel l (1982) listed data
from 54 samples taken at Northshore Road that had a total chromium concen-
t ra t ion range of 0 to 100 yg/L wi th a mean of 24 yg/L.
Brown and Caldwel l (1982) summarized copper concentrations at Northshore Road
(sta. 5) from 54 samples. The range of copper was 5 to 71 yg/L with a mean
of 19 yg/L. USEPA cri ter ia for 24-hour average copper concentrations
(5.6 y g / L ) were probably often violated dur ing t h i s study; however, water
with a hardness of 500 ymg/L (as CaC03) should not exceed 100 yg/L of total
copper. This level was never exceeded at any station.
Several forms of mercury may occur in the environment. Certain micro-
organisms can convert va r ious forms of mercury to more toxic monomethyl and
dimethyl forms (Jensen and Jernelov, 1969). Mercury, particularly as methyl-
mercury, has a large potential for b iomagn i f i c a t i on in the food cha in .
Vio la t ions of USEPA (0.0017 y g / L ) and State of Nevada (0.05 y g / L ) cr i ter ia
for mercury are common in the wash and various inflows and is probably the
most severe heavy metal po l lu tan t . Brown and Ca ldwel l (1982) summarized
mercury concentrations at Northshore Road (sta. 5) and found a range of
0 to 15 yg/L wi th a mean of 0.4 yg/L. The highest concentration of mercury
detected in th is study was 2.4 yg /L at station 5 in July. Much of th is may
be associated wi th sediment from the "headcut" area being washed downstream.
According to Feick et al . (1972), the mercury-binding capacity of natural .
sediments var ies wide ly and increases wi th the content of organic matter.
When natural sediments are oxidized, however, the mercury-binding capacity is
decreased.
Zinc concentrations may violate the 24-hour average proposed by USEPA
(47 y g / L ) pa r t i cu la r ly at station 5 and in the va r ious surface in f lows .
Based on a hardness of 500 mg/L (as CaC03), the max imum a l lowab le zinc
concentration should be no greater than 1220 yg/L at any time. Brown and
Ca ldwe l l (1982) summarized z inc data collected at North Shore Road (sta. 5)
and found a range of 10 to 270 yg/L with a mean of 58 yg/L. The highest
concentration of z inc found in this study was that of 1650 ug/L iden t i f i ed in
AD in Ju ly .
Heavy metal concentrations at three stations w i t h i n the marsh have increased
subs tan t i a l ly in the upper 20 cm of sediment, and a gradient through the
marsh suggests that metals are being retained (Morris , EPA, pers. comm.) . As
previous ly shown ( table T-10), the concentrations of metals in the sediments
are greater in the upper wash (sta. 2) than in the lower (sta. 3). This is
l i k e l y the result of par t iculate settling or f i l t r a t ion by the vegetation.
General ly, the greater the amount of organic material or f i n e clay present,
2-28
the greater the adsorption capability. Coarse sand or gravel offer little in
the form of adsorption sites. The substrate at station 2 contained a high
organic content as the substrate at station 3 was mostly sand. The metal
concentrations in the sediment samples were less than the limiting concen-
trations proposed by Jeffus (1979) for use in landspreading and, provided the
pH of the soil is above 5.0 to 5.5, there is little chance of any toxicity to
plants occurring due to metal concentrations in the sediment. In addition,
Simmers et al. (1981) have concluded that marsh plants grown on heavy metal
contaminated dredged material in a flooded environment do not bioconcentrate
excessive or even significantly higher levels of toxic metals than those same
plant species in naturally occurring marshes. Therefore, it is not likely
that toxicity to marsh plants would occur.
The summary table from the study (T-14) shows that even though mean metal
concentrations entering the marsh (sta. 1) are reduced by station 3, the
concentrations of most of the metals are increased by the time that they
enter Lake Mead (sta. 5). The storm event resulted in generally the greatest
increase in metal concentrations in the lower wash (sta. 5) indicating that
the metals were associated to a large degree with sediment being eroded or
suspended upstream, and that mechanisms operating in the marsh for removing
metals during storm events are greatly reduced or that metal-laden sediments
are actually flushed from the marsh.
Table T-14. - Mean metal concentrations at selected stations within
Las Vegas Wash during the study period
Station Metal ( pg/L)
"Kg El fts Be C d " C r Cu Fe Hg Mn NT Pb ZrT
I/ 1?/ (1)
3
5
(5)
0.61
0.44
0.15
0.52
0.43
172
1186
46.8
1057
5939
4.6
4.9
10.0
2.3
67.0
7.5
5.0
3.4
7.5
4.5
0.11
0.15
0.03
0.02
0.42
25.8
18.9
13.9
97.5
67.9
14.9
13.4
0.9
39.3
34.1
145
663
260
1716
6502
0.39
0.33
0.46
1.14
0.78
77.7
85.8
185
450
2330
13.2
10.9
11.3
22.0
21.6
5.1
6.6
ND
11.3
27.9
8.8
17.0
6.7
56.5
89.5
3/ * * 2-16 * 0-1 0-10 0-15 0-2000 0-0.5 0-150 * 0-14 0-60
\J Mean values following station do not include data collected during the March 1983
storm event.
2J Mean values following station in parentheses include data collected during the
March 1983 storm event.
3/ For purposes of comparison, these data from the US6S NASQAN (National Stream Quality
Accounting Network) for the Lower Colorao Region are provided (Hawkinson, 1977).
* Indicates no data.
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Cyanide
Cyanide concentrations were in excess of maximum USEPA criteria of 52 yg/L
for the protection of freshwater aquatic life at stations 1, 2A, 4, and 5.
The greatest violations occurring at stations 2A and 5 at which drinking
water standards of 200 yg/L were also violated. It appears that cyanide
concentrations are most highly associated with areas higher in sediment
concentration. Data cited by McKee and Wolf (1963) show that cyanide in
natural streams deteriorates or is decomposed by bacterial action and is
removed by percolation through soil. Removal is greater in soil rich in
organic matter than in clean sand or sandy clay. Due to the vegetation
present in the marsh, approximately 90 percent of the incoming cyanide is
removed; however, the concentration at station 5 was similar to that entering
the marsh. This may show the presence of an inflow containing cyanide or the
suspension of sediment containing adsorbed cyanide. In either case, the
concentration of cyanide at station 1 is similar to that at station 5.
Aquatic fauna were not sampled; however, Gambusia (mosquitofish) and some
other representatives of the family Poecili idae were observed in TAP, MRF,
and GWD. Fish and snails in the GWD were found throughout the study in
association with large mats of filamentous algae. These observations
indicate that the GWD water is not acutely toxic to these aquatic animals.
Future Conditions With Project
Effects of the salinity control project on water quality in Las Vegas Wash
appear to be minimal with regards to toxicity of organic compounds and metals
to plants and aquatic organisms. It is important, however, that the level of
water be maintained at a maximum depth to ensure the largest extent of marsh
remain available. The marsh area can be useful primarily in adsorbing metals
and biodegrading organic compounds that are entering continuously or sporadi-
cally in the ground water and various floodways. Following construction of
the Bypass Channel as proposed (USBR, 1982b), the total metal load entering
Lake Mead will be reduced if the "headcut" or other areas of high erosion are
bypassed; however, if mixing of the Las Vegas Wash plume entering Lake Mead
were to occur to a much greater extent, the metal concentrations in the
affected ambient water may be slightly elevated but below concentrations
shown to be toxic to aquatic fauna (Roline and Boehmke, 1981).
Most organic substances are biodegraded more slowly under anaerobic condi-
tions such as exist in marsh areas with limited or no flow-through, but
.exceptions do exist. Mills et al., (1982), pointed out that reactions such
as dehydrochlorinations and reductive dechlorinations lead to much higher
degradation rates for many chlorinated hydrocarbons, including hexachloro-
cyclohexane (Lindane), which appears to be the most serious organic pollutant
in the wash even though it was detected on only one date in the GWD and in
AD. If the hexachlorocyclohexane present in the AD was not due to ground-
water infiltration and was due instead to an unknown source, the concentra-
tion eventually entering Lake Mead may have slightly exceeded 1.0 p/b based
on dilution. If, however, the hexachlorocyclohexane source were the ground-
water, the proposed Pittman Bypass (USBR, 1982b) would reduce the concentra-
tion of this compound entering Lake Mead because it would be contained in the
marsh and degraded. In either case, it does not appear to be a chronic
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problem as hexachlorocyclohexane was not detected in any of the other samples
collected throughout the study.
Phthalate esters from the treatment plant could increase concentrations at
station 5 and those ultimately entering Lake Mead. Aerated flows or an
aerated retention pond would probably decrease phthalate concentrations
considerably (Mills et al.t 1982; Peterson and Freeman, 1982).
According to Tebeau (Nevada Division of Environmental Protection, personal
communication), it is unlikely that the Bureau of Reclamation would be
required to obtain a hazardous waste permit for any possible changes in
water quality in the wash following completion of the project; however,
the Bureau may be required to obtain an NPDES permit because of their
"acceptance" of the wastewater discharge and thus may be required to meet
permit discharge criteria. These decisions have not been finalized.
Future Conditions Without Project
The future of the marsh in Las Vegas Wash appears to be in jeopardy without
s tab i l i za t ion of the headcut area. Heavy ra ins wi th resu l t ing f looding as
occurred in 1975, 1980, and 1983, have resulted in severe "headcut-erosion."
The "headcut" has now progressed to near Telephone L ine Road. After a large
storm event in 1980, Brown and Caldwel l (1982) reported that the "headcut"
advanced 4,500 feet and total phosphorus removal was reduced by 40 percent.
A s imi l a r reduction may have occurred in the removal of other conventional as
well as toxic pol lu tants . A recent storm (August 1983) also resulted in a
great deal of erosion immediately below Telephone L ine Road and addi t iona l
marsh area (approximately 20 acres) was lost (Romano, USBR, pers. comm.) .
Consider ing the advancement of the "headcut" and future populat ion increases
resu l t ing in greater flows through the treatment plant and thus Las Vegas
Wash, the treatment capacity of the wash w i l l l ikely continue to decrease.
S tab i l i za t ion of the wash is necessary if treatment capacity, even though •
l imited, is to be maintained at near the present level. According to Morris
(1983), desert wetlands are often transient in nature. Desert soi ls are
unstable, terrestrial vegetation is sparse, and relief is generally h igh .
Thus, despite i n i t i a l development of extensive marsh habitat , a desert
wetlands can be very short l ived if not properly managed.
Other Effects W i t h or W i t h o u t the Project
Fecal col i forms or ig inate in the feces of man or other warm-blooded an ima l s .
K i t t r e l l (1969) stated that they do not present health hazard problems in
themselves but are potent ia l ly accompanied by pathogens. He also cited data
which stated that about 95 percent of the ini t ial fecal coliform popula t ion
die off in 1 day and 99 percent in 2 days in summer.
Bacterial popu la t ions often present problems below discharges from sewage
treatment plants. As a result of excessive fecal coliform populations, the
inner Las Vegas Bay has been posted as a no swimming area since the mid-1950's
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(Brown and Ca ldwe l l , 1980). Brown and Caldwell (1980) also reported that a
moni tor ing program conducted in the inner bay by the Un ive r s i ty of Nevada-
Las Vegas from 1974 through 1977 showed that in 1974 and 1975, fecal coli-
forms were low; however, in 1976 and 1977, fecal coliform populat ions
increased dramatical ly . Results of recent moni to r ing in inner and m i d d l e
Las Vegas Bay are wel l w i t h i n the standard for body-contact recreation
(geometric mean of 200/100 mL dur ing any 30-day period wi th no more than
10 percent of the samples exceeding 400/100 m L ) . However, the plume formed
by Las Vegas Wash as it enters the bay f lows near the bottom and may conta in
fecal coliform concentrations that are much higher than in the ambient water.
It is the h igh fecal col iform levels recorded in 1976 and 1977 that cast some
doubt on the qua l i ty of the inner bay for body-contact recreation (Brown and
Caldwel l , 1980).
Kadlec and Ti l ton (1979) concluded that there is a greater persistence of
bacteria in travel through a deep-water wetland than there is in a wetland
in wh ich the wastewater contacts the soil substrate of the wetland more
int imately . Due to the more rapid t ravel t ime of wastewater to Lake Mead upon
completion of the proposed Bypass Channel (about 6 hours as compared to
18 hours under present condi t ions) , it is l i k e l y that popula t ion densities of
fecal col iforms would increase in Lake Mead, pa r t i cu la r ly in the plume
itself .
Provided the density plume remains p r imar i ly intact (Baker and Paulson, 1980)
and does not come in contact wi th the Southern Nevada Water System's in take ,
an increase in fecal coliform densit ies would not cause a problem in
Lake Mead. According to Yahnke (1983), bacteria in water can be va r ious ly
affected in a number of ways (e .g . , through death or s i n k i n g ) . The latter
may be a s ignif icant process in reservoirs where m i x i n g is inhibited and the
bacteria, which possess no f lotat ion mechanism, may be disposed to the depths
of the reservoir, beyond the near surface where primary contact recreation is
confined. However, if the plume should mix to a greater extent than the
10 percent that is presently thought by Fischer and Smith (1983), bacterial
levels par t i cu la r ly in the inner bay may exceed the present levels. An
increase in bacterial populations may be mitigated to some degree by the
natural pu r i f i ca t ion properties of s u n l i g h t .
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NUTRIENTS
Introduction
The main objectives of this part of the Las Vegas Wash Advanced Water Quality
Study are:
1. To assess the extent to which the Las Vegas Wash marsh is affecting
nitrogen and phosphorus loads carried by the secondary sewage
treatment plant effluent which makes up approximately 90 percent of
the permanent flow of the wash
2. To determine the mechanisms which underlie any such effect on nutrient
loads
3. To predict future conditions in the marsh, especially with respect to
nutrient loads, both with and without the proposed salinity control
bypass project
4. To discuss any methods that may be used to mitigate possible adverse
effects of the project
Three possible adverse effects of diverting these flows around the marsh that
are of special concern are:
1. Possible increased concentrations of un-ionized ammonia entering
Las Vegas Bay with attendant problems of toxicity and oxygen
depletion
2. Possible shift in elevation of the Las Vegas Wash inflow to
Las Vegas Bay from a plunging to a surface inflow, thus increasing
the potential for nuisance algae blooms in the bay
3. Possible destruction of the marsh community through lowering of the
water table, buildup of salts, and/or loss of plant nutrients
These special concerns will be addressed, as far as the data allow, in the-
subsection on "Future conditions with project."
Las Vegas Wash and its marsh have been described in some detail in several
previous reports and publications. Particularly good, recent descriptions of
the wash, its development, and its environment are presented in Brown and
Caldwell (1982), Morris and Paulson (1983, 1982), and Morris (1983). All
four of these references resulted from the 1979-81 WQSS (Water Quality
Standards Study) of Las Vegas Wash and Las Vegas Bay. Brown and Caldwell
(1982) is the final report of the entire WQSS, while the other three refer-
ences deal with the Las Vegas Wash nutrient dynamics portion of the WQSS.
This portion of the WQSS was done from July 1979 through December 1980.
The present Las Vegas Wash Advanced Water Quality Study is built upon the
WQSS, with the intention of answering questions specific to the proposed
salinity control bypass project. Data from the present study will first be
compared with those of the WQSS to ascertain if any significant changes in
water quality or nutrient dynamics have occurred since 1980. The data will
then be analyzed to elucidate the mechanisms responsible for the observed
trends, and, finally, these mechanisms will be used to extrapolate future
conditions with and without implementation of the proposed project.
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Methods
Field surveys of Las Vegas Wash water quality included in situ measurements
of water temperature, D.O. (dissolved oxygen) concentration, pH, EC (conduc-
tivity), and redox potential, as well as the collection of water samples for
laboratory analyses. In situ measurements were performed with a Hydrolab
electronic water-quality probe. Water samples collected for the nutrient
studies included complete chemistry samples and N-P (nitrogen-phosphorus)
nutrient samples. Flow measurements were obtained from the US6S gages at
stations 1, 3, and 5 and estimated for the five ungaged tributary stations.
Total and free chlorine concentrations were measured at all of the wash
stations beginning in June 1983. These measurements were performed in situ
with a Hach dual-range chlorine test kit.
The usual sampling procedure, followed throughout the study, was to survey the
stations in the lower wash from 18 to 20 hours after the upper wash stations
in order to allow for travel time through the wash (Brown and Caldwell, 1982).
This sampling schedule should result in the "same" water being sampled in
both the upper and lower wash. Tributary stations were not surveyed in any
set order.
Complete chemistry water samples were collected in 1-L Nalgene bottles.
These samples were analyzed in the laboratory of the Chemistry, Petrography,,
and Chemical Engineering Section (D-1523) of the Division of Research for
the following constituents and indexes:
1. Concentrations of major anions and cations
(Ca+2, Mg+2, Na+, K+, C03-2, HCOs, SO 2^, CT)
2. TDS (total dissolved solids)
3. EC
4. pH
5. Salinity (i.e., the sum of anions and cations)
All analyses were performed according to methods outlined in the Handbook of
Recommended Methods for Water-Data Acquisition (USGS et al., 1977~JT
N-P nutrient samples were collected in 500-mL Nalgene bottles and frozen
until analyzed by the Division of Research chemistry laboratory. In the
laboratory, concentrations of the following constituents were determined by
means of a Technicon AutoAnalyzer II system:
1. TP (total phosphorus)
2. P04-P (orthophosphate phosphorus)
3. TKN (total Kjeldahl nitrogen)
4. Total NH3-N (total ammonia nitrogen)
5. N02-N (nitrite nitrogen)
6. N03-N (nitrate nitrogen)
Nutrient samples collected during the March storm event were preserved with
HgCl2 (mercuric chloride) rather than being frozen. These samples were
analyzed by the USGS Water Resources Division Central Laboratory in Denver,
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Colorado. Analytical parameters and methods were comparable to those in the
Division of Research laboratory.
It should be noted that the nitrogen fraction referred to as total NH3-N
(total ammonia nitrogen) in this report is the sum of NH3 (un-ionized
ammonia) and NH4 (ammonium ion) expressed as elemental nitrogen. The
percentage of this total that will actually exist as NH3 is dependent upon
pH, temperature, and IDS. Note also that TKN includes both total ammonia and
total organic nitrogen.
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Results
Observed ranges of water quality parameters measured in the field during
this study are presented in table N-l. Individual parameter trends along
Las Vegas Wash on each sampling date are plotted in figures N-l through
N-5.
Water temperatures in Las Vegas Wash ranged from 13.5 to 27.2 "C (table N-l)
during this study. Both seasonal and spatial trends were evident in temper-
ature (fig. N-l), with significantly warmer temperatures in summer than
winter, and a general cooling trend from upstream to downstream in all months
sampled. Effluent apparently exits the treatment plants at higher than
equilibrium temperatures and cools as it flows through the wash. A major
part of the drop in temperature occurs between stations 2 and 3 (3.3 to
4.0 km), probably due to shading in the cattail marsh.
Ranges in dissolved oxygen concentration are relatively narrow at any given
station in the wash (table N-l), but taken as a whole, the data display a
distinctive spatial trend (fig. N-2). The water is well aerated in the
turbulent flow of the channelized section of the upper wash (sta. 1 to
sta. 2A), but but a pronounced sag in dissolved oxygen occurs in the marsh
area between stations 2B and 3A. Below station 3A, a great deal of reaera-
tion is accomplished by the turbulent flow in the lower wash. Note that
although the range in dissolved oxygen concentration is the same at stations
2A and 5 (table N-l), the percent saturation is higher at 2A than at 5. This
difference in percent oxygen saturation is a function of the lower water
temperatures at station 5 compared with 2A.
The pH of the Las Vegas Wash during this study ranged from 6.7 to 8.0
(table N-l), with the lowest values observed in the marsh area between
stations 2 and 3A (fig. N-3). Both the low pH values and the sag in dis-
solved oxygen in the marsh reflect the decomposition of organic material that
has accumulated there. Below station 3A, pH rises as organic decomposition
products are oxidized and alkaline ground water is added to the flow.
Redox (oxidation-reduction) potential is closely related to both dissolved
oxygen and pH. In this study, all redox potentials were adjusted to a pH of
7.0 and are expressed as £7. If an £7 of 300 mV is taken as the threshold
below which reducing conditions begin to predominate, it can be seen that the
low dissolved oxygen and pH at stations 2 and 3 create a strongly reducing
environment (table N-l and fig. N-4). Such an environment is highly con-
ducive to the release of dissolved substances from the sediment and to the
reduction, or denitrification, of nitrate (Cole 1979, Brannon et al. 1978).
Conductivity of Las Vegas Wash flow rises sharply at station 3 and continues
to rise through station 4 (fig. N-5). The increased conductivity in this
area results from the influx of high conductivity surface water around
station 3 and ground water between stations 3A and 4 (table N-l).
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Table N-l. - Range of field water quality measurements,
February to August 1983
Station
1
2A
28
2
3
3A
4
5
MRF
TAP
DC
AD
GWD
n
4
2
1
4
4
2
3
3
4
2
2
4
4
Temperature
(°C)
18.3-27.2
25.4-27.2
25.9
16.8-26.1
14.1-26.0
22.1-22.2
13.6-21.0
13.5-20.5
12.0-32.4
16.7-27.3
13.5-26.5
21.3-28.9
15.7-25.8
Dissolved oxygen
(mg/L)
5.2-6.2
7.2-7.6
5.4
0.09-0.50
0.28-0.70
3.4-5.4
5.8-6.8
7.2-7.6
7.1-11.2
7.8-10.2
5.3-5.9
7.1-8.7
4.8-10.2
% of saturation
65-83
93-100
71
1.1-5.5
3.7-8.5
42-66
68-79
75-89
70-157
105-112
60-71
86-120
62-126
PH
7.1-7.5
7.3
7.2
6.8-7.3
6.7-7.2
6.9-7.1
7.0-7.7
7.3-8.0
7.9-8.4
8.2-8.4
7.8
8.1-8.7
6.9-7.8
Red ox If
potential
(E7,mV)
492-551
421-473
244
-10-81
10-163
289-350
317-403
369-415
299-422
276
323
424-436
246-379
Conductivity 21
(yS/cm)
2010-2360
2125-2190
2240
1820-2220
2410-2520
2500-2567
2710-3090
2690-3130
*970-5050
*1660-5980
*2660-6210
1160-1866
5490-9480
* Measured during heavy storm runoff on August 10, 1983.
I/ Redox potential not measured in February.
?/ Conductivity measured on laboratory samples in June.
CO
Figure N-l. - Water temperature trends, Las Vegas Wash, February-August 1983.
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The ranges and trends observed dur ing th is study for temperature, dissolved
oxygen, and conductivity are in general agreement w i th those reported by
Morris (1983) for the WQSS. However, the sag in pH between stations 2 and 3A
noted here does not agree with Morris 1 observation of "a general increase in
average pH values between station 1 and station 5." W h i l e the present data
are too sparse to allow a good statistical comparison, it does appear that
average pH values in the "mid-system" have declined since 1980. Mean pH at
station 3 during this study was 6.9 (SO = 0.23), wh i l e dur ing the WQSS, the
corresponding value was 7.4 (SD = 0.26) (Morris 1983). Redox potential was
not measured during the WQSS.
Chlorine concentrations were measured at the Las Vegas Wash stations in June,
July, and August 1983. Mean free and total chlorine concentrations are
reported in table N-2. In general, it can be seen that the sewage eff luent
enters the wash wi th an average total chlor ine concentration of about
0.9 mg/L, and that this-.concentration drops qu ick ly to about 0.2 mg/L by
station 2B. Over 65 percent of this total is free chlor ine at station 1, and
the percentage averages about 68 percent between stations 1 and 2B. W h i l e
all observed values are reported here for completeness, concentrations of
0.1 mg/L are near the lower l imi t s of accuracy of this test, and anything
less should probably be considered "essentially undetectable."
Table N-3 summarizes the results of the major ions analyses performed dur ing
this study. The major cation in the wash itself is sodium, with ca lc ium a
close second. The same situation holds for the GWD and AD stations, but is
reversed in the other three tributaries. In fact, sodium is the third most
abundant cation, after calcium and magnesium, at stations MRF and TAP. The
major anions at all stations, except GWD, are sulfate and then chloride. At
station GWD, chloride is the most abundant anion, followed by sulfate.
Results of major ions analyses performed on water samples collected from
lower Las Vegas Wash in 1968 were reported by Hoffman et al. (1971). These
1968 data were compared with data from the present study in order to eluci-
date changes in the ionic composition of Las Vegas Wash waters over the past
15 years. "Stiff diagrams" were used to faci l i ta te this comparison.
In Stiff diagrams (Stiff 1951), concentrations of cations (positive ions) are
plotted on the left side of the graph, and concentrations of anions (negative
ions) are plotted on the right. Al l ion concentrations are expressed in
terms of meq/L ( m i l l i e q u i v a l e n t s per l i ter) in these graphs. The use of
chemical equivalents makes it possible to study the major cat ion-anion
balance of a given water (Cole 1979) and to compare waters from different
sources (Stiff 1951). The general shape of a Stiff diagram is, thus, a
func t ion of the cation-anion balance, and it should remain fa i r ly constant
as long as the relative ionic composition of the water remains the same;
i.e. , the shape of the diagram reflects the source of the water (Stiff 1951).
However, the overall size, or area, of the diagram expands as the water
becomes more concentrated and shrinks as it becomes more d i lu te .
Mean Stiff diagrams for stations 3, 4, and 5 for 1983 are superimposed on the
corresponding 1968 diagrams in f igure N-6. The average 57 percent decrease
in TDS concentrations at these stations since 1968 is readily apparent in the
reduced size of the 1983 diagrams. A major contributing factor to this reduc-
tion in concentrations was probably the average increase in f low at station 3
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Table N-2. - Mean chlorine concentrations,
Las Vegas Wash, June-August 1983
Station
1
2A
2B
: 2
3
3A
4
5
Mean chlor ine concentrations
(mg/L)
n
3
2
1
3
3
2
2
2
Total
*0.87
(0.18)
0.72
(0.11)
0.15
0.04
(0.01)
0.03
(0.003)
0.08
(0.06)
0.04
(0.02)
0.05
(0.00)
Free
0.57
(0.29)
0.42
(0.11)
0.12
0.04
(0.01)
0.02
(0.005)
0.05
(0.04)
0.03
(0.01)
0.04
(0.01)
* Number in parentheses is the standard deviation.
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Table N-3. - Concentrations of major ions, February 1983
Constituents
(mg/L)
IDS
Ca+2
Mg+2
Na+
K+
C03-2
HC03-
S04-2
Cl-
Salinity
Stations
1 2A
1530.
167.
42.9
258.
21.1
0
61.0
763.
264.
1580.
2B 2
1620.
140.
67.7
268.
21.9
0
46.4
806.
242.
1590.
3 3A
1780.
159.
75.2
278.
22.3
0
68.3
854.
275.
1730.
4
2230.
216.
103.
337.
28.2
0
110.
1070.
366.
2230.
5
2280.
251.
78.4
343.
28.5
0
124.
1080.
350.
2260.
MRF
4500.
485.
266.
456.
61.4
0
199.
2500.
406.
4370.
TAP
5320.
615.
302.
536.
75.9
0
196.
2680.
739.
5140.
DC
5290.
636.
250.
687.
64.9
0
183.
2640.
764.
5230.
AD
831.
89.6
30.1
132.
6.65
0
138.
340.
99.4
835.
GWD
6940.
565.
242.
1380.
55.9
0
220.
2230.
1950.
6650.
(sum of
cations
and anions)
ro
Table N-3. - Concentrations of major ions, July 1983 - Continued
Constituents
(mg/L)
IDS
Ca+2
Mg+2
Na+
K+
C03-2
HC03-
S04-2
ci-
Salinity
Stations
1
1290.
129.
34.8
224.
19.7
0
100.
512.
230.
1250.
2A 2B
1450.
129.
47.4
220.
20.7
0
65.7
650.
216.
1350.
2
1260.
127.
49.3
220.
20.3
0
56.5
619.
239.
1330.
3
1570.
160.
51.7
239.
21.4
0
77.9
654.
283.
1490.
3A
1590.
180.
51.6
250.
21.9
0
92.1
724.
317.
1640.
4
1770.
220.
53.4
294.
27.4
0
112.
821.
335.
1860.
5
1940.
238.
64.7
301.
27.8
0
141.
871.
352.
2000.
MRF TAP
4290.
446.
256.
400.
35.1
0
85.3
2250.
428.
3900.
DC AD
834.
98.5
32.4
125.
7.43
0
147.
329.
134.
874.
GWD
4440.
428.
165.
715.
46.9
0
167.
1540.
1290.
4360.
(sum of
cations
and anions)
«d-
.—i
»
Table N-3. - Concentrations of major ions, August 1983 - Continued
Constituent
(mg/L)
IDS
Ca+2
Mg+2
Na+
K+
C03-2
HC03-
S04-2
ci-
Salinitv
s
1
1370.
127.
57.2
256.
20.7
0
136.
639.
233.
1470.
2A
1570.
130.
54.9
254.
20.7
0
140.
621.
234.
1450.
2B 2 3 3A
1540.
210.
53.6
213.
25.8
0
156.
728.
207.
1590.
Stations
4 5 MRF
683.
152.
9.42
49.4
13.7
0
172.
389.
22.4
808.
TAP
1030.
247.
12.5
67.4
16.3
0
244.
581.
60.1
1230.
DC
2300.
416.
62.8
161.
31.2
0
87.0
1250.
200.
2200.
AD
778.
103.
21.6
131.
6.65
0
141.
335.
107.
844.
GWD
4090.
402.
123.
850.
50.0
0
202.
1530.
1090.
4250.
(sum of
cations
and anions)
inr-l
I
of almost 170 percent (from about 30 ft3/s in 1968 to about 80 ft3/s in 1983)
during the same 15-year period.
There has also been a change in the shape of the diagrams since 1968, due to
a s ignif icant reduction in the proportion of chloride in the ionic composi-
tion of lower Las Vegas Wash waters. This change in ionic composition may
indicate a change in the major sources of these waters. Mean 1983 Stiff
diagrams for selected tr ibutaries of lower Las Vegas Wash are plotted in
f igure N-7. Comparing f igures N-6 and N-7 shows that the lower Las Vegas
Wash stations, at present, most closely resemble station 1, the wastewater
eff luent , in their ionic composition. In 1968, these same stations were
more l ike station GWD in ionic composition. The water being sampled at
station GWD is m a i n l y ground-water d ra in ing from beneath the old BMI lower
ta i l ings ponds. Discharges to these un l ined ponds ended by about 1977 (USBR
1982), so the present ionic composition of the GWD water may be a relict of
the ground-water s i tuat ion that prevailed more generally in this area at the
time of the study by Hoffman et al. (1971).
Thus, the change in lower Las Vegas Wash ionic composition between 1968 and
1983 could be explained by the large increase in wastewater discharges to the
wash, and the d iscont inuat ion of industr ia l waste discharge to un l ined
ta i l ings ponds in the area.
Mean nutrient concentrations observed at all stations in February, June,
July, August , and September 1983 are listed in table N-4. (Results of the
storm event sampling in March 1983 are discussed separately at the end of
this section). The same concentrations are plotted in f igure N-8 to elucidate
trends.
A comparison of mean nutrient concentrations with the corresponding data from
the WQSS indicates some s ign i f ican t change since 1980 ( table N-5) . Mean
total phosphorus concentrations at stations 1, 3, and 5, dur ing the present
study, averaged 76 percent less than dur ing the WQSS, w h i l e mean ortho- -
phosphate phosphorus concentrations averaged 73 percent less. These declines
in phosphorus concentrations are probably the result of improved phosphorus
removal by the Clark County AWT Plant which went into operation in the
interval between this study and the WQSS. The spatial trends in phosphorus
concentrations ( f i g . N-8) , however, are not s ign i f i can t ly dif ferent from
those observed in the previous study (table N-5) .
Neither mean N concentrations (table N-5) nor the spatial trends in these
concentrations ( f i g . N-8) appear s igni f icant ly different from the corre-
sponding data or trends reported by Morris (1983). The N02 and N03-N
concentrations in both studies displayed a wide range of va r iab i l i ty which
is not too surprising when one considers that they are largely the result of
the biochemical process of n i t r i f i ca t ion , which is itself subject to wide
var ia t ions in rate due to changing environmental conditions.
Nutr ient loads for the various P and N forms were calculated at stations 1,
3, and 5 using the concentrations listed in table N-4, and mean flows com-
puted from USGS gage records at or near the same stations (table N-6).
(Nutr ient loads dur ing the March 2 to 7 storm event w i l l be dealt wi th
separately).
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Figure N-6. - Comparison of mean Stiff diagrams: 1983 versus 1968.
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Figure N-6.-Comparison of Mean Stiff Diagrams: ;983 vs. !9G8.
Figure N-7. - Mean Stiff diagrams for selected tributaries of
lower Las Vegas Wash - 1983.
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Figure N-8. - Mean nutrient concentration trends, Las Vegas Wash,
February-September 1983.
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Table N-4. - Mean nutrient concentrations, Las Vegas Wash, February-September 1983
Station n
1 5
2A 3
2B 2
2 4
3 5
3A 3
4 3
5 4
Phosphorus
total
P
(mg/L)
0.84*
(0.18)
0.68
(0.03)
0.60
(0.15)
0.68
(0.17)
0.76
(0.23)
0.64
(0.22)
0.58
(0.20)
0.53
(0.17)
P04-P
(mg/L)
0.58
(0.16)
0.61
(0.07)
0.52
(0.17)
0.54
(0.21)
0.66
(0.13)
0.52
(0.03)
0.47
(0.06)
0.43
(0.06)
total organic
N N
(mg/L) (mg/L)
17.6
(3.2)
14.9
(0.7)
12.6
(0.6)
14.8
(1.4)
12.1
(0.7)
12.0
(3.2)
9.3
(2.0)
9.3
(2.1)
1.3
(2.0)
0.9
(1.6)
0.7
(1.0)
0.6
(1.2)
0.8
(0.9)
2.1
(2.6)
1.0
(1.1)
1.2
(1.2)
total NHa
N 11
(mg7L)
14.6
(2.6)
12.5
(2.1)
10.4
(1.6)
14.2
(0.8)
10.8
(1.2)
9.3
(0.6)
6.1
(1.5)
5.2
(1.7)
Nitrogen
N02-N
(mg/L)
0.75
(0.17)
0.98
(0.22)
0.59
(0.79)
0.01
(0.02)
0.12
(0.09)
0.23
(0.09)
0.78
(0.38)
1.07
(0.69)
N03-N
H/L)
0.90
(0.36)
0.50
(0.09)
0.96
(1.26)
0.03
(0.03)
0.32
(0.45)
0.30
(0.16)
1.42
(0.81)
1.77
(1.29)
(N02+N03)-
N
(mg/L)
1.65
(0.52)
1.48
(0.30)
1.55
(2.05)
0.04
(0.04)
0.43
(0.50)
0.53
(0.24)
2.20
(0.44)
2.84
(1.02)
NH3-N 2/
(mg/L)
0.126
(0.044)
0.138
(0.001)
0.078
(;- )
0.058
(0.018)
0.027
(0.005)
0.037
(0.017)
0.036
(0.013)
0.051
(0.017)
* Number in parentheses is the standard deviation.
I/ i.e., (NH^ + NH3)-N.
27 NH3-N data does not include September.
oCJ
co
Table N-4. - Mean nutrient concentrations, Las Vegas Wash, February-September 1983 - Continued
Phosphorus
Station n total
P
(mg/L)
MRF 4 0.10*
(0.10)
TAF 2 0.12
(0.15)
DC 2 0.02
(0.02)
AD 4 3/ 0.02
~ (0.005)
GWD 4 0.27
(0.18)
P04-P
(mg/L)
0.06
(0.06)
0.06
(0.08)
0.02
(0.03)
0.04
(0.08)
0.22
(0.15)
total organic total NH3
N N N I/
(mg/L) (mg/L) (mg/L)
4.2
(4.0)
3.4
(1.8)
1.5
(1.5)
1.3
(l.D
7.3
(0.8)
0.50
(0.41)
0.50
(0.70)
0.54
(0.63)
0.11
(0.07)
0.32
(0.47)
0.60
(0.09)
0.07
(0.10)
0.10
(0.13)
0.22
(0.24)
3.4
(2.4)
Nitrogen
N02-N
(mg/L)
0.03
(0.03)
0.06
(0.01)
0.04
(0.04)
0.06
(0.10)
1.05
(0.86)
NOa-N (N02+N03)-
N
(mg/L) (mg/L)
3.6
(4.1)
2.8
(2.6)
0.79
(0.69)
0.89
(0.76)
2.5
(3.3)
3.61
(4.12)
2.88
(1.70)
0.83
(0.74)
0.95
(0.86)
3.56
(2.77)
NH3-N 21
(mg/L)
0.003
(0.004)
0.006
(0.009)
0.003
(0.004)
0.029
(0.035)
0.015
(0.012)
* Number in parentheses is the standard deviation.
I/ i.e., (NHj + NH3)-N.
2/ NH3-N data does not include September.
T/ n= 3 for total P; February results suspect.
CM
I
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Table N-5. - Comparison of mean nutr ient concentrations, Las Vegas
Wash, 1979-80 versus 1983
Parameter
Total P
P04-P
Total N
Total NHs-N
N02-N
N03-N
Station
*1979-80
11 3.4
"(27.43)
2.0
(25.91)
18.9
(14.20)
14.0
(17.80)
0.1
(105.34)
0.7
(67.66)
Mean
1
1983
0.84
(21.43)
0.58
(27.59)
17.6
(18.18)
14.6
(17.81)
0.75
(22.67)
0.90
(40.00)
concentration (mg/L)
Station
*1979-80
2.9
(17.84)
2.7
(17.07)
16.5
(13.28)
14.2
(17.54)
0.05
(302.53)
0.05
(239.01)
3
1983
0.76
(30.26)
0.66
(19.70)
12.1
(5.79)
10.8
(11.11)
0.12
(75.00)
0.32
(140.63)
Station
*1979-80
2.6
(82.85)
1.6
(32.30)
13.7
(24.76)
8.2
(20.71)
0.9
(71.51)
2.9
(86.49)
5
1983
0.53
(32.08)
0.43
(13.95)
9.3
(22.58)
5.2
(32.69)
1.07
(64.49)
1.77
(72.88)
* Data from the WQSS, reported by Morris (1983).
JY Number is parentheses is the coefficient of var ia t ion , expressed as percent.
3-22
Table N-6. - Mean flows at stations 1, 3, and 5 - February-September 1983
Survey dates (1983)
February 23-24
June 1-2
July 11-12
August 10-11
September 6
Mean
(95 percent conf.
interval)
1979-80 mean 2/
(95 percent conf.
interval )
Station 1
92.2
112.4
96.8
No data
103.6
101.2
(87.3-115.2)
84.7
(82.2-87.3)
Mean f low (ft3 /s)
Station 3
87.9
86.0
74.9
85.2
109.6
88.7
(72.9-104.5)
77.7
(74.2-81.1)
!/•
Station 5
101.4
106.2
90.9
113.6
No data
103.0
(87.9-118.2)
102.4
(91.1-113.7)
I/ Mean of 24-hour period centered on sampling time.
?/ Morris (1983).
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Mean nutrient loads at stations 1, 3, and 5 are listed in table N-7.
Table N-8 is adapted from Morris (1983) and lists the corresponding loads
from the 1979-80 study. Comparing these two tables indicates that TP (total
phosphorus) loading of Las Vegas Wash decreased by about 69 percent, and
TN (total nitrogen) loading apparently increased by approximately 17 percent
between the two studies. When the range of variability of the 1983 loads is
taken into consideration, however, it is seen that while 1983 TP loads are
well below those of the previous study, the range of TN loads overlaps the
previous data.
As mentioned earlier, the decline in TP loading is probably due to improved
wastewater P removal by the AWT plant. In both studies, P04-P (ortho-
phosphate phosphorus) made up about 60 percent of the TP loading at sta-
tion 1. There was a net removal of TP in the upper wash of 23 percent in
1983 compared with 21 percent in 1979-80. In both cases, there was a net
increase in the P04-P fraction between stations 1 and 3.
The apparent increase in TN loading to the upper wash observed here is due
to increases in the total ammonia, nitrite, and nitrate fractions. Approxi-
mately 42 percent of the TN load was removed in the upper wash in 1983, as
opposed to 18 percent in the previous study. Ammonia and nitrite were, the
main components of TN removed, whereas the organic fraction was the major
component removed in 1979-80.
There was an 11 percent decrease in TP in the lower wash during this study
and a 3 percent increase during the WQSS. Orthophosphate phosphorus loads
declined in this reach by 23 percent and 36 percent in 1983 and 1979-80,
respectively, possibly as a result of some plant uptake in the small wetland
area below Pabco Road and, more probably, through absorption onto sediments
in the eroded channel between stations 3A and 5. Overall removal of TP in
Las Vegas Wash averaged 34 percent during this study and 18 percent during
the WQSS. Part of this difference is due to the TP increase in the lower
wash during the WQSS, which was, in turn, probably the result of the exten-
sive erosion of phosphorus-laden sediments during the floods of early 1980
(Morris 1983).
Total nitrogen removal in the lower wash averaged less than 1 percent in
1979-80, while in 1983, nearly 9 percent of the TN load was removed here.
In both cases, total ammonia nitrogen was the component accounting for most
of the loss in TN. Overall, an average of 50 percent of the TN load was
removed from the sewage effluent as it passed through Las Vegas Wash in 1983,
compared with about 19 percent in 1979-80.
Before leaving the topic of nutrient loads in Las Vegas Wash, it is important
to emphasize that all the above comparisons have been between a data set
containing 3-5 samples (1983) and a data set containing about 40 samples
(1979-80). However, some perspective may be gained on the significance of
observed differences by comparing the ranges of the two data sets. The TP
and P04-P loads listed in table N-7 fall well below any plotted points in
the corresponding data sets reported by Morris (1983) for the WQSS; thus, it
would appear that the differences in phosphorus loads and removals noted
between the present and earlier study are due to more than data variability.
This conclusion appears even stronger in light of the fact that between the
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Table N-7. - Mean nutrient loads at stations 1, 3, and 5;'February-September 1983
Station n
1 4
3 5
5 3
Upper =3-1
Lower = 5-3
Total =5-1
Phosphorus
total
P
(kg/day)
*214.6
(30.2)
165.0
(50.4)
141.0
(54.4)
-49.6
-24.0
-73.6
P04-P
(kg/day)
140.6
(35.2)
143.0
(32.0)
110.2
(20.5)
+2.4
-32.8
-30.4
total
N
(kg/day)
4520.4
(860.4)
2637.8
(422.6)
2247.5
(781.4)
-1882.6
-390.3
-2272.9
organic
N
(kg/day)
386.9
(488.3)
201.2
(215.0)
305.0
(396.8)
-185.7
+103.8
-81.9
Nitrogen
total NHa
N I/
(kg/day)
3680.4
(921.2)
2344.0
(323.1)
1130.8
(405.3)
-1336.4
-1213.2
-2549.6
N02-N
(kg/day)
198.2
(42.9)
25.0
(18.4)
269.2
(198.8)
-173.2
+244.2
+71.0
NOa-N
(kg/day)
254.7
(78.1)
67.1
(97.5)
542.6
(293.6)
-187.6
+475.5
+287.9
(N02+N03)
N
(kg/day)
452.9
(113.8)
92.0
(107.4)
811.8
(103.3)
-360.9
+719.8
+358.9
tn
CM
n
* Number in parentheses is the standard deviation.
JL/ i.e., (NH4 + NHa) - N.
— Table N-8. - Mean nutrient loads at stations 1, 3, and 5 - Ju ly 1979-December 1980*
Station
1
3
5
Upper = 3-1
Lower - 5-3
Total - 5-1
* Adapted from
Phosphorus Nitrogen
kg/day kg/day
Total P P&4-P Total N Organic N Total NH3-N
694 409 3,870 824 2,869
548 514 3,156 433 2,704
570 367 3,147 364 1,886
-146 +105 -714 -391 -165
+22 -147 -9 -69 -818
-124 -42 -723 -460 -983
Morris (1983).
NON-REC
N02-N N03-N
30 147
9 10
214 683
-21 -137
+205 +673
+184 +536
ORD COPY
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two studies, the AWT plant went into operation for the purpose of reducing
effluent phosphorus concentrations to 1 mg/L. On the other hand, all the
nitrogen loads listed in table N-7 fall within the range of the plotted data
sets reported by Morris (1983), albeit generally on the high side. The
present nitrogen data should thus be considered an extension of the previous
data set, lying toward the upper end of the range in variation.
In all further discussion of nutrient dynamics in this report, the 1983
phosphorus data will be considered representative of the present situation in
Las Vegas Wash. However, since observed nitrogen loads fall within the range
of variability of the WQSS, the 1983 nitrogen data will be considered an
extension of the 1979-80 data set. Table N-9 summarizes this estimate of
"Present conditions" in Las Vegas Wash.
Stations 1, 5, MRF, TAP, and DC were sampled for nitrogen and phosphorus
nutrients at several different times of day from March 2 through 7, during
and after a heavy rainstrorm in the Las Vegas area. Hydrographs for this
period at stations 1, 3, and 5 (the USGS gages in Las Vegas Wash) are shown
in figure N-9. A double peak in the storm runoff is evident at all three
stations, with approximate lag times of 8-10 hours between the corresponding
peaks at stations 1 and 3, and 2-3 hours between those at stations 3 and 5.
The effect of the upper marsh in slowing down the storm runoff is evident in
the longer lag times between stations 1 and 3, relative to those between
stations 3 and 5.
The ranges of nitrogen and phosphorus nutrient concentrations measured at
stations 1, 5, MRF, TAF, and DC during the storm event are listed in
table N-10. In order to compare stormflow concentrations with the "normal,"
or baseflow, conditions, the "normal" range of concentrations has been
included in parentheses for each nutrient in table N-10. This "normal range"
was determined by adding and subtracting the standard deviations from the
mean concentrations in table N-4. (Note that the mean concentrations listed
in table N-4 do not include the March storm data).
Considering the variability inherent in both sets of data, the stormflow and
baseflow concentrations are not significantly different for most parameters.
In the case of the inorganic nitrogen forms, the stormflow concentrations
tend to overlap the baseflow concentration range on the low side, indicating
a dilutional effect of the high runoff. Organic nitrogen concentrations,
however, tend at all five stations to overlap the normal range on the high
side, which seems to indicate a flushing of accumulated organic material from
the surrounding land and from normally dry watercourses. Both of these
nitrogen concentration trends conform to observations by Holmes et al. (1980)
on a watershed in South Australia.
Stations 5, TAF, and DC all display high storm concentrations of total and
orthophosphate phosphorus. In the case of the two tributary stations, TAF
and DC, this increase is probably due to the flushing of accumulated
phosphorous from the normally dry or stagnant channels of the Tropicana
Avenue Floodway and Duck Creek (Meyer and Likens 1979). The Monson Road
Floodway (sta. MRF), which usually has a live flow, did not display this
phosphorus increase during the storm. At least two things probably contrib-
uted to the high phosphorus concentrations observed at station 5: the fact
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"— Table N-9. - Mean nutrient loads at stations 1, 3, and 5: "Present Condit ions"
Mean nutrient load (kg /d )
Station
1
3
5
Upper =3-1
Lower = 5-3
Total = 5-1
Phosphorus I/
Total P
215
165
141
-50
-24
-74
P04-P
141
143
110
+2
-33
-31
Total N
3,928
3,100
3,093
-828
-7
-835
Nitrogen U
Organic N
785
408
360
-377
-48
-425
Total NH3-N
2,941
2,665
1,841
-276
-824
-1,100
N02-N
45
11
217
-34
+206
+172
N03-N
157
16
675
-141
+659
+518
I/ Phosphorus data from 1983 study (table N-7) .
27 Nitrogen data from Morris (1983) updated with data from 1983 study (table N-7 and
Table N-8).
3-28
Figure N-9. - Measured flows in Las Vegas Wash dur ing March 1983
storm event.
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Table N-10. - Range of observed nutrient concentrations during
March 1983 storm event.
Nutrient concentrations (mg/L)
Station
1
5
MRF
TAP
DC
Phosphorus
No. of
samples
5
5
5
2
4
TP
* 0.33-0.90
(0.66-1.02)
1.2-25.
(0.36-0.70)
0.04-0.23
(0-0.20)
0.31-0.39
(0-0.27)
0.16-1.7
(0-0.04)
P04-P
0.16-0.44
(0.42-0.74)
0.22-0.68
(0.37-0.49)
0.05-0.14
(0-0.12)
0.17-0.20
(0-0.14)
0.06-0.13
(0-0.05)
TN
4.9-19.
(14.4-20.8)
9.1-22.
(7.2-11.4)
3.3-8.0
(0.2-8.2)
3.0-3.1
(1.6-5.2)
1.4-4.1
(0-3.0)
Organic
N
1.4-6.0
(0-3.3)
2.9-17.
(0-2.4)
1.5-2.6
(0.09-0.91)
1.7-1.9
(0-1.2)
0.74-2.9
(0-1.17)
Nitrogen
Total I/
ammonia N
2.5-11.
0.78-6.0
(3.5-6.9)
0.06-0.26
(0-0.15)
0.18-0.28
(0-0.17)
0.06-0.25
(0-0.23)
N02-N
0.13-0.76
(0.58-0.92)
0.17-0.58
(0.38-1.76)
0.03-0.07
(0-0.06)
0.05-0.08
(0.05-0.07)
0.02-0.03
(0-0.08)
N03-N
0.27-1.2
(0.54-1.26)
1.5-4.4
(0.48-3.06)
1.2-5.3
(0-7.7)
0.85-1.0
(0.2-5.4)
0.38-1.1
(0.10-1.48)
o
CO
1CO
* Values in parentheses are the "normal" range; i.e., the mean concentration plus and minus one standard
deviation (from table N-4).
I/ i.e., (NHj + NH3) _N.
that this station is the "bottom" of the system, and, thus, receives loads
from all upstream stations, and the fact that the channel of Las Vegas Wash
below Telephone Line Road is subject to erosion during high runoff, which
could contribute a large load of sediment-bound phosphorus.
A better approach to analyzing the effects of this storm event on the nutri-
ent budget of Las Vegas Wash would be to work with loads rather than concen-
trations. Using the concentrations from table N-10 and the corresponding
flows from figure N-9, the hourly nutrient loads listed in table N-ll were
calculated for stations 1 and 5 - the "top" and "bottom" of Las Vegas Wash.
These loads are also plotted against time in figure N-10 to facilitate
comparison with the hydrographs in figure N-9, and to elucidate any temporal
trends in nutrient loading. Note that in figure N-10, the organic nitrogen
and total ammonia nitrogen loads have been combined and plotted as TKN (total
Kjeldahl nitrogen). This was done to conform to the literature on stream
nutrient budgets, where TKN is considered to be largely suspended material
that is flushed out of the system by high flows, while N03-N is a dissolved,
inorganic form that predominates during baseflow conditions (Holmes et al.
1980).
Mean hourly load values have also been plotted for each station on
figure N-10 to give some sense of the magnitude of the storm runoff loads.
These mean hourly loads were obtained by dividing the mean daily loads for
each station (table N-9) by 24.
Sampling times at station 1 followed the flood hydrograph (fig. N-9) quite
closely, so that the nutrient loads in figure N-10 rather clearly define the
effects of the storm on the nutrient budget at the head of the wash. Total P
and N loads generally followed the flow pattern at this station, with higher
flows contributing more N and P. The P04-P fraction increased through the
first flood peak, and then fell to a steady level of about 4 kg/h for the
remainder of the sampling period. While both TKN and NOs-N loads increased
with increased flow, the relative proportions of these two forms, expressed
as percentages of TN, followed a rather different pattern. Percent TKN was
negatively correlated with flow (r = -0.71), and percent N03-N was positiv-
ely correlated with flow (r = 0.73). Thus, as flows at station 1 increased,
the percentage of TKN declined, while the percentage of N03-N increased.
Holmes et al. (1980) found that the opposite situation prevailed in the small
stream they studied in Australia. In that case, N03-N made up the major
portion of TN at low flows, and TKN was the major component during storm
flows. The rationale was that under low flow conditions, organic nitrogen is
retained in the stream as biomass, and ammonia nitrogen is either taken up by
plants or oxidized to N03-N. During flood flows, the organic material is
flushed out, and reduced forms of nitrogen predominate, "largely in a sus-
pended state" (Holmes et al. 1980).
Conditions at station 1, however, differ from most natural streams in that,
with at least 90 percent of the baseflow being secondarily-treated waste-
water, TKN is always the major nitrogen form, mainly because of the very high
proportion of total ammonia nitrogen in the effluent of the sewage treatment
plants. During storm events, flood waters from Flamingo Wash and other
drainages above the sewage treatment plants are added to the normal waste-
water flows at station 1, producing the flood peaks evident in the hydrograph
in figure N-9. These storm flows dilute the normal wastewater discharge,
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Figure N-10. - Nitrogen and phosphorus loads in Las Vegas Wash
during March 1983 storm event.
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Table N-ll. - Hourly nutrient loads at stations 1 and 5 during
March 1983 storm event.
Nutrient loads (kg/hr)
Station Date/
time
1 March 21
1645
March 21
2310
March 3/
0625
March 3/
1630
March 4/
0905
5 March 2/
2146
March 3/
0855
March 3/
2150
March 4/
1025
March 7/
0915
Phosphorus
TP
9.8
22.6
7.8
23.8
7.1
14.7
51.7
963.4
672.3
31.2
P04-P
5.5
10.9
4.0
4.2
4.2
8.3
12.4
9.2
7.0
5.1
TN
207.
247.
116.
268.
179.
129.
259.
869.
588.
94.
Organic
N
0
5
4
3
8
4
5
8
4
4
75.
37.
47.
73.
56.
35.
110.
655.
416.
34.
9
3
5
9
9
5
7
1
2
3
Nitrogen
Total _!/
ammonia N
113.
178.
59.
158.
104.
59.
110.
54.
25.
41.
8
3
4
4
3
9
7
0
0
6
N02-N
7.3
8.8
3.1
9.5
7.2
7.1
8.5
6.6
6.4
2.9
N03-N
10.
23.
6.
26.
11.
26.
29.
154.
140.
15.
1
2
4CO
m
4
4
9
5
2
9
6
Nh,3) _N<
and, apparently, add a significant load of N03-N. This addition of N03-N is
not too surprising, considering the fact that these storm flows are essen-
tially flash floods draining desert watersheds where nitrate could be
expected to accumulate between storms. Holmes et al. (1980) point out that
"nitrate is highly soluble, not bound by soil colloids to any degree, and is
readily Teachable."
Station 5, at the "bottom" of Las Vegas Wash, is subject to somewhat dif-
ferent influences than station 1. For one thing, flows are much higher here,
with the addition of several tributaries, most of which only flow during
storms (fig. N-9). Maximum flows at stations 1 and 5 during this storm event
were 286 and 940 ft^/s, respectively. Unfortunately, sampling at station 5
missed the two major flow peaks (fig. N-9). Nevertheless, linear regressions
of nutrient loads on flow for the available samples do indicate some definite
trends. Total P and N loads are both highly, positively correlated with flow
(r = 0.97 and 0.99, respectively). TKN and N03-N loads are also highly,
positively correlated with flow (r = 0.99 and 0.97, respectively), but the
percentages of these two components of the TN load are fairly constant
throughout the storm event, averaging about 80 percent and 20 percent,
respectively. P04-P loads show no significant correlation with flow,
although the percentage of P04-P is highly, negatively correlated with,
discharge (r = -0.92). Thus, the high storm flows at station 5 carried large
loads of TKN and nonorthophosphate phosphorus, both of which are mainly
particulate. In fact, the extremely high TP loads observed on March 3 and 4
(fig. N-10) probably indicate that at these high flows, erosion of sediments
is the main nutrient loading mechanism at station 5.
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Discussion
Present Conditions
Table N-9 summarizes the estimated mean nutrient loads in Las Vegas Wash at
the present time. Mean TP loading has apparently been reduced by about
two-thirds by the AWT plant and other treatment plant improvments since 1980,
while mean TN loading is increased by less than 2 percent with the addition
of 1983 data to the means reported by Morris (1983). Taken strictly on the
basis of a mass balance from station 1 to station 3 to station 5 (table N-9),
it appears that approximately 23 percent of TP and 21 percent of TN are
removed in the upper wash and that 11 percent of TP and 0.2 percent of TN are
removed in the lower wash. Overall, the reductions in TP and TN loads are
34 percent and 21 percent, respectively. Morris (1983) reported mean overall
reductions of 18 percent and 19 percent in TP and TN, respectively, during
the period from July 1979 through December 1980.
It thus appears that while nitrogen removal rates have remained nearly
constant, phosphorus removal has increased significantly since the previous
study. Two things have contributed to the present higher TP removal rate:
(1) the sharp reduction in TP loading of the system and (2) the absence of
heavy erosion (at least until August 10, 1983) in the lower wash. It was
the extensive head cutting that occurred in the lower wash during the late
winter and early spring of 1980 that caused the net increase of TP in this
area during the WQSS (table N-8) and reduced the overall TP removal rate.
No such erosion occurred during this study, prior to the flooding of early
August. Nutrient analyses of the samples taken in September, after the
August flooding, did not indicate that this event had any long term effect on
nutrient loading in the lower wash. In any case, the head cut did not move
nearly as much in 1983 as it did in 1980.
A comparison of nutrient concentration trends (fig. N-8) with the various
water quality parameter trends (figs. N-l through N-5) gives an indication of
the mechanisms underlying the observed nutrient dynamics. Las Vegas Wash can
be roughly divided into five sections on the basis of the predominate nutrient
dynamics mechanisms operating in each. From the confluence of the sewage
treatment plant effluents to Las Vegas Bay, these sections are:
1. Approximately 2 km of channelized turbulent flow, including station 1
and extending through station 2A to nearly 28.
2. A marsh zone of deposition and extreme anoxia from about station 2B to
at least station 2.
3. A marsh zone of partial oxygen recovery from about station 2 to
station 3 at Pabco Road. (Zones 2 and 3 together make up the 48 ha of
upper Las Vegas Wash marsh.)
4. Sixteen hectares of ponds and cattail marsh extending from station 3
(Pabco Road) to about station 3A (Las Vegas Valley lateral crossing).
(This section is the lower Las Vegas Wash wetlands area.)
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5. Approximately 9 km of actively eroding channel from just below
station 3A and extending through stations 4 and 5 to Las Vegas Bay.
In section 1, TAN (total ammonia nitrogen) concentrations drop by about
29 percent, on the average (table N-4). Nitrite nitrogen (N02 - N)
concentrations first rise by about 30 percent between stations 1 and 2A, and
then drop sharply between stations 2A and 2B. At the same time, nitrate
nitrogen (N03-N) concentrations, which fell by nearly half between 1 and
2A, almost double between 2A and 28. This variation indicates some nitrifi-
cation of TAN in the well-oxygenated flow (fig. N-2). A rough mass balance,
using the mean concentrations from table N-4 and assuming constant flow from
station 1 to station 2B, shows that the reduction in organic nitrogen and the
gain of some N02-N and N03-N, through nitrification, still leaves most of the
reduction in TN in this stretch explainable only by a loss of TAN through
volatilizaton of NH3 and/or adsorption of NHj on sediments. Overall, TN
concentrations are reduced by about 28 percent in this section.
TP concentrations are reduced, on the average, by 28 percent in section 1,
also. Mean P04-P (orthophosphate phosphorus) concentrations drop by
10 percent between stations 1 and 2B. The percentage of TP that consists
of P04-P generally rises in section 1. Most of the loss of phosphorus.in
this section is probably due to adsorption of P04-P onto suspended sediment
particles and settling out of particulate phosphorus fractions.
An insight into the physical-chemical basis of nutrient reductions in sec-
tion 1 is provided by the foam layer that was observed on the water surface
at station 2A on sampling visits. Flow at the station is very turbulent as
the water leaves the dredged channel and enters the old natural channel.
(Both channels are much eroded.) The flow is highly oxygenated (fig. N-2),
and the stable foam layer indicates good conditions for oxidation reactions,
with precipitation of some oxidized compounds, and for volatilization of
gases such as NH3. Section 1 may give a clue to possible nutrient dynamics
in the proposed bypass channel and will be discussed further in that connec-
tion later in this report.
Conditions in section 2 are best represented by station 2. The flow regime
changes from turbulent, channelized flow to a slower, more laminar flow as
the water spreads out in the upper part of the cattail marsh at about sta-
tion 2B. Suspended material settles out in this area, and there is a thick
accumulation of dead vegetation on the bottom. At station 2, anoxic
(fig. N-2), reducing (fig. N-4) conditions prevail. Concentrations of N02
and N03 nitrogen drop to near zero here, probably because of denitrifica-
tion at the sediment-water interface (Smith et al. 1983, Payne 1981, Brannon
et al. 1978, Engler et al. 1976). At the same time, TN concentrations
increase due to an increase in the TAN fraction. Ammonia nitrogen is added
to the water here through decomposition of deposited organic material under
anaerobic conditions (ammonification). TP concentrations also increase at
station 2, with P04-P being released from the organic sediments in the
strongly reducing environment prevailing here (Mawson et al. 1983, Chan et
al. 1982, Cole 1979, Brannon et al. 1978). Thus, labile forms of nitrogen
and phosphorus are added to the flow in this area of organic deposition and
decomposition, offsetting losses by denitrification and particulate deposi-
tion, and resulting in a net increase in both TN and TP concentrations.
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Nutrient uptake directly from the water by vegetation in section 2 appears
to be negligible. Two factors preclude significant vegetative removal of
nitrogen and phosphorus from the flow of Las Vegas Wash, not only in this
section, but in all three of the wetlands sections: dominant vegetation type
and flow retention time. The dominant vegetation type in the Las Vegas Wash
wetlands is cattail (Typha domingensis), a rooted emergent aquatic macrophyte.
The common reed (Phragmites cpmmunis), which is a marginal rooted hydrophyte,
is the second major plant in the marsh community. Both of these plants
depend primarily on their roots to take up nutrients, unlike submersed or
floating aquatic macrophytes (Barten 1983, Nichols 1983, Reddy 1983,
Chan et al. 1982). The second factor precluding significant vegetative
uptake from the flow is that the 15-hour average retention time in the
wetlands portions of the wash (Morris 1983) is far too short, compared with
the minimum 4- to 5-day retention times found necessary in most wetlands
nutrient removal studies (Barten 1983, Reddy 1983, Spangler et al. 1976).
Section 2 appears to act as a settling basin and particle filter for sec-
tion 3. Of course, the transition between these two "sections" is in reality
gradual and should not be thought of as a sharp line of demarcation. There
is a partial recovery from the anoxic reducing conditions that prevail at
station 2 in section 3. TP concentrations continue to rise in this section,
due primarily to an increase in P04-P, which is probably released from the
bottom sediments and decaying vegetation (Chan et al. 1982). TAN concentra-
tions fall in section 3, with some TAN being nitrified to N02 and N03-N
(table N-4). Most of the TAN is probably volatilized or adsorbed, although
some may be taken up by epiphytic algae. Because of this TAN loss, there is
a net reduction in TN concentration.
Monson Road Floodway, Tropicana Avenue Floodway, Duck Creek, and about half
the ground-water drain discharge enter Las Vegas Wash marsh in the area from
about station 2 to station 3. These higher salinity inflows (especially the
ground-water drain discharge) account for the higher conductivity observed at
station 3, compared with the Las Vegas Wash stations further upstream (fig. N-5
and table N-l).
The most salient feature of section 4, the approximately 16 ha of wetland
downstream of station 3 and Pabco Road, is the presence of two small ponds
with a total surface area of about 6 ha (Morris 1983). These ponds lie just
above Telephone Line Road, and their outflow crosses this road in a series of
culverts. Both Alpha Ditch and the remainder of the ground-water drain
discharge enter these ponds. Below Telephone Line Road to about the
Las Vegas Valley Lateral crossing (station 3A), the wash flows in a braided
channel with some of the flow passing through cattail marsh. This lowest
marsh area is subject to continuing erosion, as was evident during the
flooding of August 11, 1983.
Concentrations of TP drop in section 4, mainly because of a drop in P04-P
concentrations. It is possible that this P04-P is taken up by phyto-
plankton or epiphytic algae in the ponds, as Reddy (1983) has shown that
algae can remove P04-P four to five times faster than macrophytes. No
information is presently available on phytoplankton or epiphytic algae
populations in these ponds, but it is known that there are no submersed or
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floating macrophytes present (Camille Romano, personal communication).
Another possible P04-P removal mechanism here is coprecipitation with
Ca(HC03)2 from the ground-water drain and Alpha Ditch (Nichols 1983,
Chan et al. 1982, Spangler et al. 1976).
Total nitrogen concentrations hardly change in section 4, although organic
nitrogen concentrations increase by over 160 percent. Perhaps this situation
reflects an uptake and conversion to organic forms of TAN by phytoplankton
and algae in the ponds.
Section 5 is similar to section 1 in that it consists of an actively eroding
channel. There are net reductions in both TP and TN concentrations in this
section, and the basic mechanisms appear similar to those described for
section 1: nitrification and volatilization of TAN, and adsorption of
P04-P and precipitation of particulate phosphorus.
Conductivity and pH generally rise in the two sections below Pabco Road
(figs. N-5 and N-3). The oxidation of various organic acids produced by
partial decomposition of organic material in the upper wetlands (Chan et al.
1982) in the area immediately below station 3 is probably the first factor
contributing to the rise in pH. At the same time, the influx of more alka-
line and higher conductivity waters from the various surface and ground-water
tributaries also serves to increase conductivity and pH in the lower sections
of Las Vegas Wash.
An important consequence of the rising pH in sections 4 and 5 is an increase
in the percentage of TAN that exists in the un-ionized NH3 form (table N-4).
This percentage depends upon pH, temperature, and TDS (total dissolved
solids) of the aqueous ammonia solution, being directly proportional to pH
and temperture and inversely proportional to TDS (Skarheim 1973). The lower
temperatures (fig. N-l) and higher TDS concentrations (table N-3) in the
lower wash tend to reduce the percentage of NH3, but pH is the major
controlling factor; and, thus, there is a net rise in the percentage in
sections 4 and 5. Even with decreasing concentrations of TAN, these higher
percentages translate into a slight increase in NH3 concentrations through-
out the lower wash.
A criterion of 0.016 mg/L NH3-N (un-ionized ammonia expressed as ele-
mental N) has been established by EPA (1976) for the protection of freshwater
aquatic life. Concentrations of NH3-N throughout Las Vegas Wash consistently
exceeded this criterion during the present study. Willingham et al. (in
Thurston et al. 1979) comment that this EPA criterion "probably represents a
concentration that is acutely toxic to salmonids," and they note that the EPA
"Red Book" (EPA 1976) "does not document the appropriateness of the * * * cri-
terion for nonsalmonid freshwater fishes or other freshwater aquatic life."
The WQSS (Brown and Caldwell 1982) recommended an un-ionized ammonia
criterion of 0.02 mg/L NH3-N in Las Vegas Bay for the protection of the
fishery.
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Future Conditions Without Project
Three factors appear critical for the continued existence of Las Vegas Wash
marsh and its use as a wastewater treatment system: f lows , erosion, and
loading.
Bradley and N i l e s (1973) addressed the effects on the marsh of d ras t ica l ly
reduced flows caused by effluent export or wastewater recycling. However,
projections of population growth and water demand in the Las Vegas Val ley
through the year 2000 (Haselhoff 1983) indicate the poss ib i l i ty of a
12.6 percent increase in direct discharges to the wash from industr ia l and
agricultural water uses and a 106 percent increase in sewer f lows, a large
percentage of which are now discharged to the wash after treatment. Corre-
sponding projections for 1987 (Haselhoff 1983) were 3.8 percent and
37 percent increases in direct industr ial and agricul tural discharges to
the wash and in sewer flows, respectively. It would thus seem that even
with some wastewater export or recycling, there could be a net increase of
inf low to the wash in the long term (year 2000) and probably at least the
present level of in f low through the end of the decade.
A more immediate threat to the wash in the near future is erosion. A 1976
report prepared by the CCCD (Clark County Conservation Distr ic t ) and the
SCS (U.S. Soil Conservation Service) (1976) warned that headcutting in lower
Las Vegas Wash would "if not corrected, * * * erode a g u l l y to Pabco Road and
beyond." Seven years later, Morris (1983) noted that the wetlands area had
decreased by about 90 percent in the previous 5 years, and he concluded that
"Stabi l izat ion of the erosion is necessary if the Las Vegas Wash is to be
used as a wastewater treatment technique in conjunction wi th conventional
wastewater treatment." As a witness of the August 1983 f looding and erosion
in lower Las Vegas Wash, this author can only assume that the headcutting
w i l l be stabilized at about station 3A, unless local p u b l i c and private
interests f ind it cheaper to b u i l d bridges for Pabco Road and Telephone Line
Road and to suspend the Las Vegas Val ley Lateral over the wash.
If it can be assumed that the Las Vegas Wash wetlands w i l l be s tabi l ized at
approximately their present 64-hectare extent (Morris 1983), and that waste-
water discharges to the wash w i l l remain at their present level or even
increase with populat ion growth in the Las Vegas Val ley , the next consider-
ation is possible nutrient overloading of the marsh ecosystem. Chan et al.
(1982) report that, "wetland system stress was reported only in laboratory
studies and certain f ie ld studies below munic ipa l and indust r ia l discharges,
where plants were exposed to excessive pol lutant concentrations." They also
note that, "Abatement or reduction of pollutant loadings usua l ly led to
recovery of wetland vegetation." Mean concentrations of TN and TP measured
at station 1 in Las Vegas Wash ( table N-4) were below the average and range
reported by Chan et al. (1982) for these constituents in secondary treated
munic ipa l wastewaters, w h i l e mean TAN concentrations fell well w i t h i n the
reported range.
Concentration may not be the most important factor in wetland wastewater
treatment, however. Nichols (1983) used data from several wetlands receiving
treated wastewater to develop empirical models of the relat ionship between
annual areal loading rates and nutrient removal eff iciencies. He found that
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nitrogen and phosphorus removal is most efficient at low loading rates and
that removal efficiencies drop rapidly as loading rates increase. Data
reported by Nichols (1983) for three natural cattail wetlands that receive
secondary treated wastewater are tabulated below.
Table N-12. - Comparison of Las Vegas Wash and three cattail wetlands
receiving secondary treated wastewater
Location
Wet! and
size
(ha)
Nutrient loading
rates
TP TN
(g/it)2 per year)
Nutrient removal
efficiencies
TP TN
(percent removed)
Massachusetts I/
Wiscons in I/
Massachusetts 11
Las Vegas Wash,
19.4
156.0
2.4
64.0
7.1
15.2
63.6
84.8
53.6
-
428.0
1781.5
47
32
20
-3
31
-
1
8
Nevada 21
I/ Data from Nichols (1983).
"2V Nut r ien t loading rates and removal eff iciencies estimated for wetland area
Between stations 2B and 3A.
Estimated data for the Las Vegas Wash wetland have been included in
table N-12 for comparison. It must be noted that these data are rough
estimates for the wetland area (i .e., approximately station 2B to station 3A)
only. Estimated TP and TN loads at stations 2B and 3A were obtained us ing
the mean TP and TN concentrations at these stations ( table N-4) , and mean
flows such that the flow at 28 was considered approximately equal to that at
station 1, and the f low at 3A was the sum of flows at stations 3, AD, and
GWD. Because the basic data are so sparse, these estimates are necessarily
crude, but they do make the point that w h i l e some den i t r i f i ca t ion and
"f i l t ra t ion" of particulate organic material does take place in the wetlands,
their main effect is to convert sedimented and accumulated organic material
into the l a b i l e forms P04-P and TAN ( f ig . N-8). In fact, according to the
l imi ted results of this study, it appears that the Las Vegas Wash marsh
actual ly adds some nitrogen and phosphorus to the f low, at least at times.
This situation could be aggravated as nutrients are added in the future.
Whether the marsh is becoming overloaded or not, its efficiency as a waste-
water treatment system could be enhanced by applying some of the management
concepts suggested by Morris (1983). In general, these consisted of two
structural modif ica t ions to the wash:
(1) Simple structures to increase aeration of the f low above the marsh
so that more TAN is oxidized to N03-N, which can then be removed by
deni t r i f ica t ion in the anoxic sediments of the marsh. (These structures
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might also increase volatilization of the gaseous NH3 portion of the
TAN.)
(2) Creation of more ponded areas in the lower wash to provide habitat for
phytoplankton that would utilize the labile nitrogen and phosphorus forms
produced in the anoxic areas of the upper marsh for cell growth and
production.
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Future Conditions wi th Project
Four items of concern are associated wi th d iver t ing a l l , or most, of the
present wastewater effluent around Las Vegas Wash from approximately sta-
tion 1 to a point just upstream of station 4. These are:
1. The effect on nutrient concentrations at Northshore Road (station 5)
2. The effect on un-ionized ammonia concentrations in Las Vegas Bay
3. The effect on the Las Vegas Wash density current in Las Vegas Bay
4. The effect on the Las Vegas Wash wetlands
These items w i l l be addressed in turn.
A review of nutr ient dynamics in Las Vegas Wash as presented in detail in
earlier sections indicates that the major mechanisms of nutrient removal in
the channel ized 'sect ions of the wash are:
1. Adsorption of P04-P and subsequent precipitation wi th the partic-
ulate phosphorus fraction
2. N i t r i f i c a t i o n of the TAN fraction to NCh-N, some v o l a t i l i z a t i o n
of NH3, perhaps some adsorption of NHf, and loss of the organic
nitrogen forms.
Basical ly, these are the same mechanisms found to operate in streams.
Phosphorus is general ly retained in streams du r ing low, or base, flows and
flushed out dur ing h igh , or storm, flows so that the annual phosphorus budget
is approximately balanced. Soluble reactive phosphorus is converted to
particulate phosphorus, and sediment adsorption is the important retention
mechanism, wi th some temporary retention through uptake by benthic algae
( H i l l 1982, Sharpley et al. 1981, Meyer and Likens 1979). In the case of
nitrogen, Holmes et al. (1980) generally found that dur ing base flows N03-N
was the major component of TN, but that suspended, soi l-bound, reduced
nitrogen forms predominated dur ing stormflows.
The bypass channel would approximate the present channelized sections of
Las Vegas Wash in that stream-type nutrient transport and transformation
mechanisms would operate there. If the bypass were an open channel wi th
check structures spaced at intervals along the route, one could expect a
stream-like ecosystem to develop. Attached algae would colonize the sides
and bottom of the channel , wi th denser growths of more pollution-tolerant
species at the upper end and a more mixed community further downstream.
Readi ly ava i l ab l e forms, such as P04-P, TAN, and N03-N, would be taken up by
these algae and retained unt i l the algae died or was scoured off, in which
case the nutrients would be washed downstream as particulate organic mater ia l .
Ni t r i f i ca t ion would be enhanced by aeration in the turbulent f low at check or
drop structures, so that TAN would be converted to N03-N, with perhaps some
loss of the gaseous NH3 through vola t i l i za t ion . Phosphorus would tend
toward the part iculate form through adsorption onto suspended sediment par-
ticles and reactions wi th Ca+2 and HC03 from the waters added by the MRF
(Monson Road Floodway) and AD (Alpha Di tch) . There would probably be some
adsorption onto the sides of the channel as we l l , par t icular i ly if the
channel were compacted earth or clay l ined . Al l of these mechanisms should
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operate at least as efficiently as they do in the present channelized sec-
tions of the wash, so that overall nutrient removal should not be that much
different than at present. While there will be no loss of N02- and N03-N
through denitrification, as presently occurs in the upper wetlands, this
should be more than offset by the fact that there will be no addition of TAN
through ammonification. Overall, TP and TN reductions in the bypass channel
should be at least as much as presently occur between stations 1 and 4. The
composition of the TP and TN loads at station 4 should shift somewhat,
however. Nitrite, organic, and especially nitrate forms should predominate
in the nitrogen budget, rather than TAN, while the shift in the phosphorus
budget would be toward a higher proportion of particulate versus soluble
forms.
Middlebrooks and Pano (1983) developed and evaluated several empirical models
to account for total ammonia nitrogen (TAN) removal in aerated wastewater
lagoons. They found a plug flow model of the following form to be most
satisfactory:
Ce -
where: C0 and Ce = influent and effluent TAN concentrations, respectively.
Iq = overall apparent reaction rate for all processes
accounting for TAN removal.
t = detention time in lagoon.
Considering an open, flowing, oxygenated channel to be essentially similar to
an aerated lagoon, in terms of the TAN removal processes opertating, the plug
flow model of Middlebrooks and Pano (1983) was applied to the Las Vegas Wash
bypass channel between stations 1 and 5 to evaluate the degree of TAN removal
that could be expected. Measured TAN concentrations at the various channel-
ized stations in Las Vegas Wash and time of travel estimates between sta-
tions, obtained from Brown and Caldwell (1982), were fit to the following
form of equation 1:
In (Ce/C0) = at + b
where: C0 and Ce = upstream and downstream TAN concentrations,
respectively.
[2]
t = estimated time of travel between upstream and down-
stream stations.
a and b - empirically determined coefficients.
The results of the fit were:
a = -0.28
b - 0.04
r2 = 0.86
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The above coefficients were then used to construct the following plug flow
model for simulating TAN concentrations in the bypass channel between
stations 1 and 5:
f5=1.04e-0.28t [3]
1
where: CS/Q = ratio of the mean TAN concentration at station 5 to that
at station 1.
t = mean travel time from station 1 to station 5, with the
bypass channel in place.
The mean time of travel, t, was estimated at 5 hours on the basis of data
reported by USBR (1982b) and Brown and Caldwell (1982)
This simulation resulted in an estimate of 0.26 for CS/GI, which translates
to an expected mean reduction of 74 percent in TAN concentrations between
stations 1 and 5, with the bypass channel in use. The present value of
CS/GI, based upon the means reported by Morris (1983), updated with data from
the present study (table N-5), is 0.57, or a mean reduction in TAN concentra-
tion of 43 percent. While this attempt at prediction is admittedly rough, it
does lend support to the conclusion that TAN removal with the bypass channel
in place would probably be at least as effective as the present situation.
Enhanced nitrification in the bypass channel and elimination of the added TAN
loading in the upper marsh should reduce the total loading of both the
NH4 and NH3 forms to Las Vegas Bay. These factors, plus the possibility
of increased volatilization of NH3 in turbulent areas, should ensure that
un-ionized ammonia concentrations in lower Las Vegas Wash would be no higher
than at present and would probably be significantly lower.
Baker and Paulson (1980) have estimated that TDS concentrations of Las Vegas
Wash flows would have to be reduced by more than 25 percent to affect the
density enough to cause the flow to enter Las Vegas Bay as a surface over-
flow, rather than as a density current, during the critical spring period
when TDS is the determining factor in maintaining the plunging inflow. The
actual margin of allowable TDS reduction may be somewhat less than estimated,
however, as Fischer and Smith (1983) did dye experiments in Las Vegas Bay
during the spring and summer of 1980 that led them to conclude that about
10 percent of the inflowing Las Vegas Wash nutrients were available to the
productive surface waters within the 14-day period of the experiments, due to
wave motion in one case and the creation and destruction of temporary ther-
moclines in the other case. Thus, the planned 50 percent reduction in Las
Vegas Wash TDS could be enough to raise the spring underflow to the surface
(Baker and Paulson 1980), especially when transient meteorological effects in
the bay can already mix a significant percentage of the inflowing nutrients
into the surface waters on a short-term basis (Fischer and Smith 1983). A
detailed hydraulic study, using mathematical or physical modeling techniques,
is recommended to accurately determine the extent of plume mixing to be
expected.
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The cattail, Typha domingensis, and the reed, Phragmites communis, constitute
most of the present vegetation in the Las Vegas Wash marsh (Morris 1983,
Bradley and Niles 1973). These aquatic plants have been shown to be useful
in removing some toxic materials from incoming water but are usually ineffec-
tive in bioaccumulating and transferring these elements and compounds to
wildlife. The most serious problem facing the survival of these types of
vegetation in Las Vegas Wash may be related to the possible increase in
salinity of the water and soil in the marsh following completion of the
proposed bypass channel.
Kadlec (1982), in his work on mechanisms affecting the salinity of Great Salt
Lake marshes, found that marshes containing cattails, bulrushes, reeds, and
salt grass occurred where inflowing freshwater reduced soil salinity enough
to permit plant growth. His laboratory studies also showed that deep,
continuous flooding washed the salts downward into the sediments, while
alternate flooding and partial drying brought salts to the surface by capil-
lary action and resulted in the formation of surface salt deposits. Field
studies of reduced flow or flushing rates showed that even though surface
water conductivities rose, conductivities of interstitial water did not rise;
in fact, it may have decreased as salts moved out of the sediment into the
overlying water. The results of this study are to be interpreted cautiously.
Kadlec (1982), in a later field experiment, also found that conductivities at
depths of 30 to 40 cm in sediment appeared to be unrelated to reduced flow
and a resulting increase in the conductivity of surface water. Wide varia-
tions in conductivities in sediment under similar vegetation suggested
that root zone salinity is only broadly correlated with vegetation type;
for example, Phragmites was found in sediments ranging from 42 200 to
15 990 yS/cm in conductivity, and an initial supposition that vegetation
was sorted by sediment salinity proved to be mostly untrue. Permanently
flooded areas will be relatively fresh and will permit the establishment and
persistence of marsh vegetation.
Christiansen and Low (1970) found that salt tolerance studies of marsh plants
showed that germination, growth, and seed and tuber production decreased as
salinity increased. The optimum conductivity of water for seed germination
for all plant types tested was found to be 250 yS/cm; however, substantial
reductions in germination and growth were observed at conductivity levels of
9000 yS/cm. Salt tolerances of various emergent species, including cat-
tails, for a minimum of 50 percent germination and plant survival was
about 7000 uS/cm.
According to Christiansen and Low (1970), water requirements for marshes
depend on three main factors.
1. Evapotranspiration requirements
2. Quality of the available water
3. Precipitation
They have developed a formula to estimate the amount of water required to
maintain a sufficient outflow from a marsh area to provide a salt balance at
a tolerable salinity level. The seasonal water requirement is defined as the
amount of water from streamflow that is required by marshlands to fill normal
evapotranspiration requirements and provide sufficient outflow to maintain a
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satisfactory salinity level on an annual basis, considering the quality of
the available water and the amount of annual precipitation.
This water requirement of the wetted area can be expressed in inches of depth
by the equation:
WR = F (Et - Pn)
where:
WR is the seasonal water requirement
F is a salinity factor required to maintain a salt balance
at a reasonable salinity level.
Et is the seasonal evapotranspiration requirement for the
wetted areas.
Pn is the normal, or mean annual, precipitation.
The salinity factor, F, can be expressed by the following equilibrium equation;
F = (C0 - K) / (C0 - Cw)
where: C0 is the maximum desirable average annual conductance
of the outflow from the marshes that will maintain a
tolerable water quality for the production of food and
cover for waterfowl.
Cw is the average annual conductance of the available
water.
K is the conductance of a saturated Calcium bicarbonate
solution, approximately 300 yS/cm.
Since an absolute upper limit cannot be placed on the value of C0, and
because it would logically vary during the season with the maturity of the
marsh vegetation, a tentative value of 6000 uS/cm is suggested as a reason-
able mean annual value to be used, where practical, for estimating the water
requirement of a waterfowl marsh.
The conductance of the available water usually varies with the season of the
year. An estimation of the seasonal water requirement of any marshland can
be made on the basis of a reasonable mean annual value of the conductance of
the water, Cw.
For available waters of relatively poor quality (average conductance values
above 3000 uS/cm, it is obviously not practical to maintain an outflow with
an average conductance, C0, as low as 6000 uS/cm, but probably it should not
exceed 10 OOOuS/cm.
3-46
Using the previous equations and guidelines, the annual water requirement for
the marsh in Las Vegas Wash is estimated as follows:
WR = F (Et - Pn)
where:
F = 2.43 (based on an average conductance of the inflow
of 6000 fiS/cm* with a maximum allowable limit for the
outflow of 10 000 /iS/cm.
Et = 100 inches (estimated from the National Atlas).
Pn = 4 inches (mean annual precipitation for Las Vegas
Valley).
thus:
thus:
WR = 2.43 (100-4) = 2 3 3 in/yr = 3230 ac. ft/yr (for
166 acres of wetted area).
4.5 ft^/s of inflow is required by the marsh to maintain
the salinity level within the above criteria.
The water requirement of the Las Vegas Wash wetland after implementation of
the proposed salinity control bypass project would require at least a flow of
4.5 ft^/s. A small amount of water would be required from the bypass to
supplement normal inflows and reduce the mean conductivity of these inflows.
The total inflow to the marsh of 6.7 fws would be reduced by 1.8 ft3/s
through net evapotranspiration, resulting in an outflow of 4.9 fWs with a'
conductivity of about 8200 nS/cm. These calculations take into account the
assumptions that the ground-water table remains at the present level, and
that all inflows are mixed and evenly distributed.
* Note: The average conductance of the available inflow (6000 piS/cm) was
obtained using the following data:
Source Average flow Average conductivity
(/iS/cm)
GWD 4.1 7000
MRF 2.1 5000
Wastewater 0.5 2200
treatment
plants (sta. 1)
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Even though an outflow is incompatible with the proposed project, it is
necessary to maintain a flow through the marsh to provide tolerable salinity
levels. A drop structure at the outflow of the marsh in conjunction with an
evaporation pond is recommended to make this "maintenance" flow compatible
with project requirements. Zero outflow within the marsh itself would result
in continually increasing salinity throughout the entire marsh, because of
the lack of a barrier to the salinity gradient.
Normally, excess water is available to marshlands only during the spring and
fall, and drying occurs at other times of the year. Marshlands are not as
productive during the dry periods, but they do have a remarkable ability to
recover when water supplies become available. Christiansen and Low (1970)
suggested that when flows are less than those indicated by the previous
computations, more water should be added during wetter periods to maintain a
favorable salt balance in a marsh. Tolerable salinity levels in Las Vegas
Wash marsh could be maintained either by regulated inflows or by allowing
flood flows to flush through during periodic storm events. According to
Nelson (1954), fluctuation of water levels is very important in the estab-
lishment of emergent marsh plants. Exposed mud bottoms at some time during
the year favor those plants which readily reproduce from seed, such as
bulrushes and cattails.
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CONCLUSIONS
Major conclusions from the toxics data are as fol lows:
1. The concentrations of toxic organic compounds entering the Las Vegas
Wash marsh are much below any levels known to be toxic to plants . Since
there was no substant ial ly h igh accumulation of toxic organic compounds in
the sediment of the marsh, and it has been shown that marsh plants do not
readily take up synthetic organic compounds, toxicity to plants or animals
would be u n l i k e l y under present condit ions or under future conditions wi th
the proposed bypass. The cont inual presence of Gambusia , sna i l s , and
filamentous algae in the GWD tend to support this conclusion.
2. Hexachlorocyclohexane, possibly L indane , found in the GWD and AD is
most rapidly degraded in an anaerobic situation such as is found in the
marsh. If the hexachlorocyclohexane detected in the AD were from ground-
water in f i l t r a t ion , an impermeable conduit would e l imina te this as a
source of contaminat ion to the bypass. At the same time, ground water
would continue to drain into the marsh, and any hexachlorocyclohexane
would continue to be degraded.
3. The concentrations of phthalate esters may increase at station 5 if
the marsh is bypassed; however, aerated flows or an aerated retention pond
may increase the degradation rate and concentrations could actually
decrease. In either case, concentrations of phthalates entering the marsh
are s imilar to those found in rainwater , ind ica t ing that phthalate esters
are h i g h l y ub iqu i tous , pa r t i cu la r ly in an industr ia l area.
4. Other identified organic compounds (i .e., HCB, chlorophenol, dichloro-
benzene, pentachloroethane, and hexachloroethane) were detected at levels
below proposed criteria for var ious water uses. The exclusion of ground-
water from the bypass would further reduce the concentrations of organic
contaminants entering Lake Mead.
5. Analyses were performed for the vola t i le compound chlorobenzene and it
was not detected. Analyses for other h igh ly vo la t i l e organic compounds
were not performed due to the h igh v o l a t i l i z a t i o n rate (approx. 30 minutes
h a l f - l i f e ) of most compounds. This rapid rate of vo l a t i l i z a t i on suggests
that most h ighly volati le compounds would not be a persistent water
qual i ty problem for the marsh or for the water eventual ly entering Lake
Mead.
6. Organic compounds found in v io la t ion of criteria du r ing previous
studies were not detected. This suggests that these compounds are not
persistent problems, a l though they may occur sporadically.
7. The concentrations of metals currently entering Las Vegas Wash are
usua l ly near natural levels, as measured by the USGS, in streams from the
Lower Colorado Region, and would not be toxic to marsh plants or animals.
Marsh plants do not accumulate s ign i f i can t ly h i g h levels of metals which
may be present in the soil, ind ica t ing that they possess mechanisms to
prohibit uptake.
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8. Most of the metal load entering Lake Mead at the present time is that
attached to sediment, which is being continually eroded. Controlling or
bypassing the "headcut" area in the wash will result in reducing the total
metal load entering Lake Mead. If the bypass channel results in a greater
degree of mixing of Las Vegas Wash water in Lake Mead, it is conceivable
that the metal concentration of the ambient water may increase slightly,
even though the load of metal-laden sediments may be reduced.
In general, the results of the nutrient study indicate the following:
1. The Las Vegas Wash marsh is removing some particulate and organic
nutrient forms from the flow by acting as a settling basin and mechan-
ical filter. Some N02- and N03-N are being removed by denitrification
in the anoxic areas of the upper marsh. However, the net effect of the
marsh on nitrogen and phosphorus loads in Las Vegas Wash is to convert
them to the labile (NH4 + NH3)-N [TAN] and PO/H3 forms, respectively.
There is even evidence that the marsh is increasing TAN and P04-P concen-
trations in Las Vegas Wash. Much of the actual reduction of nutrient
loads appears to be occurring in the channelized sections of the wash,
where well-aerated turbulent flow conditions support rapid nitrification
and volatilization of the ammonia fraction, and enhance conversion of
phosphorus from the soluble reactive form to the precipi table particulate
form. It appears that short retention times and the lack of submerged or
floating aquatic macrophytes limit vegetative uptake of nutrients from the
water, except for negligible amounts that may be utilized by epiphytic
algae and/or phytoplankton in the ponds below Pabco Road.
2. Based upon the above assessment of nutrient dynamics in Las Vegas Wash,
it appears that the proposed bypass channel could be at least as effective
in overall reduction of TP and TN loads as is the present marsh. The main
effect of the bypass would probably be to convert the*, relative composition
of the effluent nutrient load from predominately (NH4 + NH3)-N and P04-P
to predominately (N02 + NOs) -N and particulate phosphorus.
3. Un-ionized ammonia concentrations in the Las Vegas Wash inflow to
Las Vegas Bay will not increase with the bypass and should actually
decrease because of enhanced nitrification of ammonia in the channel.
4. There is a definite possibility that the proposed TDS reduction of
50 percent would cause the present Las Vegas Wash density current to enter
Las Vegas Bay as a surface overflow. This problem should be addressed
with mathematical or physical hydraulic models to accurately determine the
degree of plume mixing to be expected under project conditions.
5. The method developed by Christiansen and Low (1970) was used to
estimate the amount of water required to maintain the Las Vegas Wash marsh
at its present extent and at a salinity level that would be tolerable to
the present plant community. According to this estimate, a "maintenance
flow" of at least 0.5 ft3/s would be needed from the wastewater treat-
ment plant effluents. Resultant outflow would be about 4.9 ft^/s with a
conductivity of about 8200 yS/cm. In order to be compatible with the
"zero outflow" criterion of the project, this outflow would have to be
evaporated in a lined pond, or otherwise removed from the wash. A
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possible alternative to this "maintenance flow" might be to allow periodic
storm flows to flush through the marsh. This alternative would require some
structural modifications to control erosion of the marsh, however.
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APPENDIX A
Table I
Results of the GC/MS Analysis Conducted on Las Vegas Wash* (February)
Identifications Codes STA
1
STA
2
Ground
Water
Alpha
Ditch
STA
3
STA
4
STA
5
Aliphatic hydrocarbons
2,5-Dimethyl tridecane
Aromatic hydrocarbons
10 isomers of alkyl indans
3 isomers of alkyl naphthalenes
Methylethyl naphthalene
Acids
Hexadecanoic acid
Octadecanoic acid
Phenols
Isomer of (tetramethyl butyl) phenol
3 isomers of nonyl phenol
Esters
Diethyl phthalate
Dibutyl phthalate
Dioctyl phthalate
Dimethyl adipate
Diheptyl adipate
Di nonyl adipate
Isobutyl methyl acetate
Halogenated
Chloropropane
Chioroi odomethane
Di chloroi odomethane
Dichlorobenzene (isomer)
Chloro-(methylsulfonyl) benzene (2 isomers)
Hexachlorocyclohexane (BHC, Lindane)
Dichlorobenzophenone (3 isomers)
3,3'-Dichlorodiphenyl sulphone
Diiodomethane
Pentachloroethane
3-methyl iodomethane
2-(4-chlorophenoxy)-2-methyl propanoic acid
Ethyl-2,2-di-(4-chlorophenyl) glycollate
Tri-(2-chloro-ethyl) phthalate
2-chloro-l-methoxy propane
1
2
1.1 ND ND ND ND ND ND
ND
ND
ND
13.1
4.9
ND
ND
1.9
9.7
1.4
9.9
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NQ
ND
ND
7.5
7.2
3.4
1.3
ND
NQ
21.0
ND
NQ
NQ
ND
5.0
1.0
2.4
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
15.0
3.2
4.1
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NQ
1.8
23.0
18.0
2.2
NQ
2.1
3.6
1.4
1.4
14.0
ND
ND
ND
ND
ND
14.0
3.7
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
23.0
ND
ND
ND
4.4
ND
ND
ND
ND
ND
36.0
ND
ND
14.0
NQ
NQ
NQ
ND
NQ
25.0
ND
NQ
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
1.0
ND
NQ
ND
NQ
ND
ND
NQ
ND
ND
ND
ND
NQ
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NQ
ND
ND
ND
ND
• ND
ND
ND
NQ
NQ
10.2
ND
ND
2.2
ND
ND
ND
ND
NQ
1.9
ND
ND
ND
NQ
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NQ
ND
NQ
ND
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Table I (continued)
Results of the GC/MS Analysis Conducted on Las Vegas Wash (February)
Identifications Codes
Miscellaneous
Caffeine
4-hydroxy-4-methyl -2-pentanone
Tripropylene glycol methyl ether
2, 2 ,4-trimethyl -penta-1, 3-diol diisobutyrate t
3-methyl -3-pentene-2-one
Octa-sulfur
1,1,1-trimethyl urea
1,1,3-trimethyl urea
N,n' -dimethyl urea
2-vinyloxyethanol t
2,3-epoxy butane t
Methyl carbamate t
a\l ,2-propanediol
r^ > Silicone oil
2 -methyl thiobenzothiazole
Benzophenone
Di-p-toyl sulfone t
Diphenyl diazene
Unidentified
1. Diagnostic ions of m/z
57, 56, 45
184, 141, 127
99, 81
89, 74, 54
2. Dioxane
STA
1
2.5
4.2
2.7
2.9
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
4.9
ND
ND
ND
ND
STA
2
NQ
2.7
ND
4.7
NQ
NQ
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
4.4
ND
ND
ND
ND
Ground
Water
ND
ND
ND
ND
NQ
ND
NQ
7.9
NQ
4.4
ND
ND
ND
ND
ND
ND
ND
ND
3.8
35.0
28.0
34.0
19.0
Alpha
Ditch
ND
1.0
ND
ND
ND
ND
10.0
26.0
NQ
ND
7.7
17.0
5.0
88.0
ND
ND
ND
ND
ND
ND
ND
ND
ND
STA
3
ND
2.8
ND
2.4
2.9
ND
ND
ND
ND
ND
ND
ND
ND
ND
NQ
NQ
NQ
ND
4.4
ND
ND
ND
ND
STA
4
ND
ND
ND
ND
4.0
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NQ
ND
ND
ND
ND
ND
ND
ND
STA
5
ND
2.9
ND
NQ
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NQ
ND
NQ
ND
ND
ND
ND
ND
*Levels are reported as pg/L.
1 - List as a priority pollutant.
2 - Potential oxidative degradation product of DDT. (0. AG. Food Chem., 20, 1972, pp. 844).
NO - Nondetected.
NQ - Detected but less than 1 yg/L.
t - Tentative.
Detection limit - 1 yg/L.
Methods of Analysis EPA Method 625.
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Table 1 (continued) - Results of Analysis Conducted on
February Samples from Las Vegas Wash
Units - yg/L
Monson
Identifications
Benzeneethanol
Pentachloroethane If
Hexachloroethane _!/
Tetradecanoic acid
Hexadecanoic acid
Octadecanoic acid
Di butyl phthalate _!/
7-oxabicyclo [4.1.0] Heptane
Road
Fl oodway
*
*
*
*
*
*
*
*
Tropicana
Fl oodway
4.87
18.7
107
1.19
89.7
1.59
NQ
5.4
Duck
Creek
*
*
*
*
*
*
*
*
*No priority pollutants detected.
JY Priority pollutant.
NQ = Detected at less than 1 part per billion.
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Table II.- Results of Analysis Conducted on June Samples from Las Vegas Wash
Units - pg/L
Monson Ground
Identifications
Aliphatic Hydrocarbons
Docosane
Tricosane
Tetracosane
Pentacosane
Hexacosane
Heptacosane
Octacosane
Nonacosane
Triacontane
Hentriacontane
Dotriacontane
Tritriacontane
Station
1
ND
ND
ND
11.1
9.50
6.66
4.62
ND
ND
ND
ND
ND
Road
Floodway
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
Station
2
ND
ND
3.64
7.33
8.81
7.77
8.69
6.57
4.01
2.78
ND
ND
Alpha
Ditch
5.63
14.8
16.7
26.9
31.0
28.2
25.1
23.0
16.6
9.0
7.96
3.67
Water
Drain
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
Station
3
1.41
1.74
3.6
5.8
6.14
6.2
5.07
5.07
3.4
2.58
1.27
NQ
Head
Cut
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
Station
4
ND
1.25
1.07
2.9
1.0
2.4
1.41
1.0
NQ
ND
ND
ND
Station
5
2.56
9.1
10.6
18.8
21.4
19.4
16.3
13.6
9.19
6.1
3.81
1.73
Aromatic Hydrocarbons
Alkyl indanes (4 isomers) 3.02
Acids
Hexadecanoic acid 7.7
Octadecanoic acid 3.43
Docosanoic acid 1.99
Phenols
Nonyl phenol (3 isomers) ND
Bis-t-butyl ethyl phenol NQ
Esters
Hexadecanoic acid, butyl ester 4.91
Octadecanoic acid, butyl ester ND
Di-butyl phthalate \J ND
Dioctyl phthalate \j ND
Di-iso-octyl phthalate ND
Octyl nonyl phthalate 7.01
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NQ
ND
9.96
ND
1.46
ND
13.9
ND
ND
2.21
1.1
ND
ND
ND
ND
ND
ND
ND
ND
ND
9.53
3.65
2.47
ND
ND
ND
2.37
NQ
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
16.4
ND
ND
ND
3.86
6.35
ND
5.02
ND
ND
1.79
21.4
ND
ND
2.3
ND
ND
ND
1.14
ND
ND
ND
2.1
4.04
NQ
ND
2.61
ND
ND
ND
NQ
ND
NQ
ND
5.62
6.64
1.08
ND
1.32
ND
13.5
ND
ND
ND
ND
ND
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Table II.- Results of Analysis Conducted on June Samples from Las Vegas Wash (continued)
Units - ug/L
Monson Ground
Identifications
Halogenated
2-chl oro-cycl ohexanol
Chloromethyl butene
3-chlorobutene
Dichlorobenzene (2 isomers) J./
Hexachloroethane I/
Dichlorobenzophenone
2- ( 4-chl orophenoxy ) -2-methyl
propanoic acid
Miscellaneous
Bicyclo[4.2.0]octa-l,3,5-triene
7-oxobicyclo[4.1.0] Heptane
Station
1
ND
ND
ND
ND
ND
ND
ND
ND
ND
Road
Floodway
ND
NQ
ND
ND
ND
ND
ND
ND
3.88
Station
2
1.59
ND
ND
ND
ND
ND
ND
NQ
ND
Alpha
Ditch
ND
2.16
3.14
ND
ND
ND
ND
4.18
4.07
Water
Drain
ND
ND
ND
NQ
3.24
2.01
ND
ND
7.55
Station
3
ND
ND
ND
ND
ND
ND
1.08
ND
ND
Head
Cut
ND
NQ
ND
ND
ND
ND
ND
ND
5.14
Station
4
ND
ND
ND
ND
ND
ND
ND
1.98
ND
Station
5
ND
ND
ND
ND
ND
ND
ND
1.83
1.76
_!/ Priority pollutant.
ND = Nondetected.
NQ = Detected at less than 1 part per billion.
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REPORT OF TRACE METAL ANALYSES
1? —-D1V. OF RESEARCH-APPLIED SCIENCE BRANCH-CHEMISTRY, PETRO . &CHEM. ENG. SE'_
IATION DATE: 3/21/03 CONC.UNITS:MICROGRAMS/L FOR ALL METALS
LETION DATE: 3/30/03 SAMPLE STATUS: UNFILTERED
LAS VEGAS WASH
'LE NO.
'2 5'-^- /
3D
73 £*-/•*• 2-
3D
74 {-/a. J
3D
75 S"/*' 4"
3D
7B rJy.S~
SD
7 --Af/-'
SD
:7B /^ /r
SD /A
•79 n<£
SD
380 <<tftj£>
SD
381 ££>
SD'"
AG
8.20E-001
5 . OOE-002
9.30E-001
O.OOE+000
4.10E-001
O.OOE+000
4.20E-001
l.OOE-002
B.10E-001
1 . OOE-002
3.10E-001
3. OOE-002
O.OOE+000
0 . OOE+000
B.30E-001
B. OOE-002
3.20E-001
2.50E-001
4.00E-001
2. OOE-002
AL1
1.30E+002
O.OOE+000
3.BOE+001
O.OOE+000
5. OOE+000
O.OOE+000
4.12E+002
O.OOE+000
3.2BE+002
O.OOE+000
4 . OOE+000
0 . OOE+000
6.0BE+002
O.OOE+000
3.30E+003
O.OOE+000
1 . 10E+001
0 . OOE+000
3 . OOE+000
O.OOE+000
AS
3.10E+000
O.OOE+000
3.70E+000
O.OOE+000
S.40E+000
O.OOE+000
B.50E+000
O.OOE+000
4 . 70E+000
O.OOE+000
3.BOE+001
O.OOE+000
B.OOE+001
O.OOE+000
2.40E+001
O.OOE+000
4.70E+001
O.OOE+000
7.40E+001
O.OOE+000
Bfl1
3.BOE+001
O.OOE+000
3.40E+001
O.OOE+000
3.40E+001
O.OOE+000
4.50E+001
O.OOE+000
9.70E+001
O.OOE+000
3.30E+001
O.OOE+000
3.40E+001
O.OOE+000
9.10E+001
O.OOE+000
2.BOE+001
O.OOE+000
1.70E+001
O.OOE+000
BE1
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
0 . OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
2. 00 E- 001
O.OOE+000
3.00E-001
O.OOE+000
5.00E-001
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
CD
0 . OOE+000
O.OOE+000
0 . OOE+000
O.OOE+000
0, OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
0 . OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
0 . OOE+000
O.OOE+000
"T f rCTION
" ' ""LIMIT l.OOE-002 5.00E+001 l.OOE-001 l.OOE+001 l.OOE+001 1 .OOE-OC.
DTE: SD=STANDARD DEVIATION; VALUES OF ZERO ARE BELOW DETECTION LIMITS
SAMPLE: s.23E+oo2=523
••(' E: 5.23E-001 = .
/ SAMPLE WAS ANALYZED BY INDUCTIVELY COUPLED ARGON PLASMA OPTICAL EMISSION
SPECTRQSCQPY.
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REPORT OF TRACE METAL ANALYSES
.-DIV. OF RESEARCH-APPLIED SCIENCE BRANCH-CHEMISTRY,PETRO.&CHEM. ENG. SEC
•ION DATE: 3/21/33 CONC.UNITS:MICROGRAMS/L FOR ALL METALS
IPLETION DATE: 3/30/83 SAMPLE STATUS: UNFILTERED
LAS VEGAS WASH
MPLE NO CO CR4 CU FE HG MM
372 iF(
SD
373 ^ 2-
SD
-374 ^ J
SD
SD'' '
1376 j^ V"
.Sp '
3 '^
4278 ~f~£?
SD '
4379 ,,£.
SD ^
4380^
4381 /J A
SD fr
4.10E+000
O.OOE+000
1.80E+000
O.OOE+000
O.OOE+000
O.OOE+000
5.00E-001
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
0 . OOE+000
0 . OOE+000
O.OOE+000
1 . 40E+000
0 . OOE+000
1. OOE+000
O.OOE+000
O.OOE+000
0 . OOE+000
2. OOE+000
0 . OOE+000
2.BOE+000
O.OOE+000
0 . OOE+000
O.OOE+000
B.30E+000
O.OOE+000
1.79E+002
O.OOE+000
4.00E-001
0 . OOE+000
6.10E+000
O.OOE+000
1.47E+001
O.OOE+000
4.70E+000
O.OOE+000
5.20E+000
O.OOE+000
1.15E+001
6.50E-001
2.89E+000
3. 00 E- 001
O.OOE+000
O.OOE+000
5.80E+000
7.80E-001
8.7SE+001
O.OOE+000
O.OOE+000
O.OOE+000
2.25E+001
O.OOE+000
3.10E+000
O.OOE+000
1.73E+000
2.BOE-001
O.OOE+000
O.OOE+000
8.70E+001
O.OOE+000
1.84E+002
O.OOE+000
5.20E+001
O.OOE+000
4.52E+002
O.OOE+000
1.99E+002
O.OOE+000
1.40E+001
O.OOE+000
S.B4E+002
O.OOE+000
3.13E+003
O.OOE+000
3.20E+001
O.OOE+000
2.70E+001
O.OOE+000
4.00E-001
O.OOE+000
7.00E-001
O.OOE+000
8.00E-001
O.OOE+000
B.OOE-001
O.OOE+000
1. OOE+000
O.OOE+000
1.30E+000
O.OOE+000
1 . OOE+000
O.OOE+000
9.00E-001
O.OOE+000
7.00E-001
O.OOE+000
7.00E-001
O.OOE+000
1.90E+001
O.OOE+000
3.00E+001
O.OOE+000
1.04E+002
O.OOE+000
2.50E+002
O.OOE+000
2.90E+001
O.OOE+000
3. OOE+000
O.OOE+000
8.27E+002
0 . OOE+000
5.38E+002
O.OOE+000
1 .97E+002
O.OOE+000
2.00E+001
O.OOE+000
DETECTION
LIMIT 5.00S+000 5.OOE+000 5.00E-001 l.OOE+001 l.OOE-002 5.OOE+000
NOTE: SD=STAMDARD DEVIATION;VALUES OF ZERO ARE BELOW DETECTION LIMITS
EXAMPLE: 5.23E+oo2=523
EXAMPLE: s.23E-ooi=.523
1. SAMPLE WAS ANALYZED BY INDUCTIVELY COUPLED ARGON PLASMA OPTICAL EMISSION
SPECTROSCOPY.
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REPORT OF TRACE METAL ANALYSES
. ? -^fl.-DIV. OF RESEARCH-APPLIED SCIENCE BRANCH-CHEMISTRY,PETRO.&CHEM. ENG. SEi
MIRATION DATE: 3/21/93 CONC.UNITS:MICROGRAMS/L FOR ALL METALS
GMPLETION DATE: 3/30/93 SAMPLE STATUS: UNFILTERED
LAS VEGAS WASH
AMPLE NO. NI PB SB SE SI
. SD
14373 ^2-
SD
14374 #J
SD
£4375 -#V
SD
E437B if~£~~
SD
E /-'.^  '/ —.—
_ J'tt-r
aD
E437B ~7'A£
SD '
E4379 pc-
SD
SD
E4381 ££
SD''
9.30E+000
0. OOE+000
1.70E+000
0. OOE+000
S.80E+000
0 . OOE+000
2.24E+001
0. OOE+000
5 . OOE+000
0. OOE+000
2.54E+001
0. OOE+000
2.49E+001
0. OOE+000
1.94E+001
0. OOE+000
5.87E+001
0. OOE+000
9.80E+000
0. OOE+000
8. OOE-00 1
0. OOE+000
2.10E+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
1.18E+001
0. OOE+000
1.18E+001
0. OOE+000
1.09E+001
0 . OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
2.B3E+001
2.34E+000
0. OOE+000
0 . OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
0. OOE+000
3.39E+001
0. OOE+000
0. OOE+000
0. OOE+000
5.9BE+001
0. OOE+000
2.39E+001
0. OOE+000
0. OOE+000
0. OOE+000
4.41E+001
0. OOE+000
3.20E+001
0. OOE+000
0. OOE+000
0 . OOE+000
1.53E+001
0. OOE+000
7.05E+001
0. OOE+000
1.70E+000
0. OOE+000
2.10E+000
0. OOE+000
1.40E+000
0 . OOE+000
7 . OOE-00 1
0. OOE+000
1.30E+000
0. OOE+000
1. OOE+000
0. OOE+000
1.30E+000
0. OOE+000
l.BOE+000
0. OOE+000
1.10E+000
0. OOE+000
1. OOE+000
0. OOE+000
9.S9E+00:
O.OOE+Od.
9.77E+001:
O.OOE+OOC
1.17E+004
0 . OOE+000
l.BOE+004
0. 'OOE+000
4.98E+OOC-
O.OOE+OOC
O.OOE+OOC
3.51E+00-
O.OOE+001:
2.BOE+00--
O.OOE+OOC
3.20E+00-"
O.OOE+OOC
3.S5E+00--
O.OOE+OOC
DETECTION
LIMIT l.OOE+001 3.00E+001 1.OOE-001 l.OOE+002 1.OOE-001 3.0CE+00:
NOTE: SD=STANDARD DEVIATIONJVALUES OF ZERO ARE BELOW DETECTION LIMITS
EXAMPLE: 5.23E+oo2=523
5.23E-001 = .
I/ SAMPLE WAS ANALYZED BY INDUCTIVELY COUPLED ARGON PLASMA OPTICAL EMISSION
cpprT&rKsrnDv *i-rn_ c.iiiaaiui^SPECTRQSCOPY.
6-8
APPENDIX B (continued)
REPORT OF TRACE METAL ANALYSES
B.R.-DIV. OF RESEARCH-APPLIED SCIENCE BRANCH-CHEMISTRY,PETRO.&CHEM. ENG. SEC
"TTIATION DATE: 3/21/33 CONC.UNITS:MICROGRAMS/L FOR ALL METALS
COMPLETION DATE: 3/30/03 SAMPLE STATUS: .UNFILTERED
SAMPLE NO. TL
LAS VEGAS WASH
V1
ZN
£4372 *jpy
SD
SD7^
E4374 j£f
SD
E4375 J^A,
SD '
E4376 jfcV"
SD "
•^>377 /j.v^ V-7
SD '••""
E4378 -^
E4379 ^x
E43SS^
E431D/^
4.73E+002
O.OOE+000
5.28E+002
O.OOE+000
5.G5E+002
O.OOE+000
G.GGE+002
O.OOE+000
1.49E+002
0 . OOE+000
1 .5GE+003
0 . OOE+000
1.33E+003
O.OOE+000
G.67E+002
O.OOE+000
2.11E+003
0 . OOE+000
1 .52E+003
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
0 . OOE+000
O.OOE+000
0 . OOE+000
O.OOE+000
O.OOE+000
O.OOE+000
1.80E+000
O.OOE+000
O.OOE+000
O.OOE+000
6.00E-001
O.OOE+000
1.11E+000
0 . OOE+000
3.21E+001
O.OOE+000
4.50E+000
O.OOE+000
1.5GE+001
0 . OOE+000
G.60E+000
O.OOE+000
5.40E+000
O.OOE+000
1.37E+001
O.OOE+000
1.30E+001
O.OOE+000
9. OOE+000
O.OOE+000
6. OOE+000
O.OOE+000
1 .OOE+001
O.OOE+000
1 .2GE+002
O.OOE+000
1. OOE+000
0 . OOE+000
5.70E+001
0. OOE+001
2.40E+001
O.OOE+000
1 .OOE+000
O.OOE+000
1 .30E+001
O.OOE+000
DETECTION
L I M I T l.OOE+001 2.00E+002 1 .OOE+001
.OOE+000
NOTE: SD=STANDARD DEVIATION; VALUES OF ZERO ARE BELOW DETECTION LIMITS
EXAMPLE: 5.22E+oo2=523
EXAMPLE: 5.23E-ooi=.523
I/ SAMPLE WAS ANALYZED BY INDUCTIVELY COUPLED ARGON PLASMA OPTICAL EMISSION
SPECTROSCQPY.
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